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A SHJDY OF THE EFFECTIVENESS OF FIVE SOIL POISONS 
FOR TERMITES WITH SPECIAL REFERENCE TO 
BETA NAPHTHOL 
The oontrol of termites differs from the control of almost all 
other economic insects, beoause both their damage and points of en¬ 
try are usually hidden from view. Furthermore, the methods used in 
the oontrol of termites are usually effective only when applied by 
specially trained persons. 
Until approximately fifteen years ago, copper shielding was the 
only satisfactory form of protection. Since this method was relative¬ 
ly expensive, especially for the control of existing infestations, 
commercial interests began work on the development of other methods 
of termite oontrol. These methods consisted of treating the ground 
around and beneath infested buildings, and to some extent, treating 
certain understruotural wooden members, with various ohemioals hav¬ 
ing varying degrees of toxicity to termites. Since the effectiveness 
of these ohemioal methods had not been determined, and since oopper 
shielding, properly applied, was known to be effective, federal and 
i 
state entomologists recommended the latter method only. 
At the present time a few of the leading entomologists are be¬ 
ginning to recognize the place of ohemioals, not only in the preven¬ 
tion of initial infestations, but also in the oontrol of existing in- 
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festations of termites. Creosote, zino chloride and Wolman's salts 
have been used extensively by the wood preserving industry to make 
wood repellent or unpalatable to termites, thus preventing initial 
infestations; beta naphthol, paradiohlorobenzene and arsenioal salts 
have been used extensively by the termite control industry to estab¬ 
lish toxic barriers around and beneath infested structures, thus con¬ 
trolling existing infestations. 
Soil poisoning is a fundamental procedure in the chemical con¬ 
trol of termites and is usually supplemented by wood treatment. Al¬ 
though soil poisons have been used for many years, there is little 
information available on the relative toxioities of the chemioals 
used. 
It is the purpose of this paper, therefore, to present a com¬ 
prehensive study of five of the chemicals moat commonly used as soil 
poisons for termites, namely: orthodiohlorobenzene, paradichloroben- 
zene, white arsenic, beta naphthol and pentaohlorophenol. 
3 
, Importance of the Problem and Review of Literature. 
In recent years, numerous papers have been written on termites 
and their control for the express purpose of making the general pub¬ 
lic more "termite oonsoious". A few papers have been written as the 
result of scientific research. This situation is almost unique in 
the field of entomology, and since a large number of the popular art¬ 
icles have been written by men whose experience with termites has 
been practically nil, many erroneous impressions have been created in 
the minds of the general publio. Papers of this latter type may be 
divided into three groups: 
1. Articles, the authors of which know very little about ter¬ 
mites, 
2. Abstracts of original articles in which the abstractor sup¬ 
plements or misinterprets the statements of the original 
author, 
3. Inadequate articles written by reputable entomologists. 
One of the best examples of the first type of paper is that by 
Lawrie (1936). This is a very superficial article from numerous 
standpoints. To begin with, many errors suoh as "termites are a spe- 
oies of roaohH have been made. Kofoid et al (1934 pg.l) state that 
"although their (termites) nearest relatives are roaches, they have 
been distinct from them for many millions of years". Further errone¬ 
ous statements suoh as "the queen is unable to feed herself , and 
"....sexless workers and regular workers", have also been made. Since 
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the primary queen upon the first establishment of the oolony is able 
to feed herself, (Kofoid et al, 1934 pg.27) the statement that "the 
queen is unable to feed herself* is very misleading. Furthermore, the 
queen must continue to feed herself until the eggs have hatohed and 
developed into workers of sufficient size to take over the duties of 
feeding the royal pair (Snyder,1924, Kofoid et al, 1934 pg.27). In 
the case of the higher termites (Termitidae) the queen, by a process 
of postembryonio growth, grows so large that she is unable to move 
and is then wholly dependent upon the workers for food (Snyder, 1924). 
Among the lower termites (Kalotermitidae) the queen always remains 
active (Snyder, 1924). Laurie’s next statement in connection with 
the occurrence of both sexless and regular workers.is also errone¬ 
ous, since Snyder (1924) states that the worker caste is composed of 
both sexes, but that they are always sterile. Not only has Laurie 
made numerous mistakes, but he has also made one very serious omis¬ 
sion, since no mention is made of the use of shields for the protec¬ 
tion of buildings from termites, although shielding has been long 
recognized as one of the best methods for the protection of certain 
types of construction (Snyder, 1935). 
An example of the second type of paper is one written anonymous¬ 
ly in 1929, a review of Ansell (1929). Ansell's artiole is quoted 
throughout in the review, but the author of the latter supplements 
Ansell’s original statements by implying that the control of sub¬ 
terranean termites oan be obtained by gassing the queen, and that the 
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impregnation of wood is the most effective method for the control of 
termites* Sinoe supplementary reproduotives take the place of the 
primary pair if the latter are killed (Kofoid et al, 1934 pg* 23), 
the elimination of the queen is of little or no benefit* Further, 
Kofoid et al (l.o. pg. 500) state that "although many termites are 
killed by the treatment (fumigation), others return from the soil as 
soon as the volatile fumigant disappears* The effectiveness of the 
more volatile liquid fumigants disappears in less than three months". 
Moreover, there is no "most effective method , (consisting of one 
single procedure, such as the impregnation of wood) sinoe three fun¬ 
damental principles are employed in the control of subterranean ter¬ 
mites (l.o. pg. 579), although all three may not necessarily be used 
in any one oase. These principles are: 
1. Make the structure or material which is to be protected in¬ 
accessible to termites, 
2. Use wood whioh is unavailable as food or undesirable to ter¬ 
mites as a source of food supply, 
3* Discourage colonization or breeding of termites in the vicin¬ 
ity of the structure or material whioh is to be protected. 
An example of the third type of paper is that by McDaniel (1930). 
This paper is on household pests in general, but the section devoted 
to the control methods of termites is very inadequate and misleading 
sinoe the author implies that the control of termites is a relatively 
simple matters the subject of shielding is "covered" by four and one- 
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half lines of text, the injection of the highly inflammable material, 
kerosene, is advocated for wood treating, and the use of pyrethrum 
and sodium arsenite is recommended. These shortcomings have been e- 
liminated in the bulletin issued by McDaniel in 1938. If anyone is 
to publish on termites and their control, he should especially empha¬ 
size the fact that amateurs should not attempt control measures in the 
belief that the oontrol of termites is a simple matter. This state¬ 
ment applies to oontrol both by shielding anc by chemical treatments, 
since neither method can be successfully applied without a thorough^ 
knowledge both of the habits of termites and of house construction. 
McDaniel (1938), referring to ohemioal barriers, states that "it is 
practically impossible for the layman to apply these barriers proper¬ 
ly, since special machinery and a quantity of high grade ohemioals 
are necessary to effect an efficient barrier". 
Numerous other articles have been written, a few of the best of 
which are by Baerg (1940), Miller (1929), and Turner (1937, 1940, 1941). 
Other popular articles of less importance are those of Clark (1927), 
Brown (1933), Huxley (1931), Maroovitoh (1939) and Haseman (1935). 
"Our Enemy, the Termite" by Snyder (1935) is one of the best of the 
popular publications on termites and their control. Of the techni¬ 
cal publications on termites, that by Kofoid et al (1934) is undoubt¬ 
edly the best. This book is an excellent summary of the existing in¬ 
formation on the life history and oontrol of North American termites. 
7 
The following disoussion is based principally on such eminent 
authorities as Kofoid et al (1934) and Snyder (1924, 1935) exoept 
where otherwise noted, 
1, General Description 
Termites are one of the more primitive types of insects living 
in the world today. From one standpoint, however, they are among the 
most highly developed inseots known; they have evolved a colonial 
form of existence similar to that of the higher bees and wasps, that 
rivals, if not surpasses, the highest form of sooiety evolved by man. 
Termites usually encountered in the United States vary from one- 
quarter to one-half an inch’ in length. All forms, except the winged 
alates and primary kings and queens, are a creamy white in color. 
The latter forms are pigmented and may vary in color from reddish 
brown to black. 
tMfhe food of termites is primarily cellulose invaded by fungi, 
and is usually obtained from the wood within which their Durrcws are 
made. Except in the family Termitidae, this wood can "be utilized 
only by the aid of other organisms, whioh distend the intestine in a 
swarming, seething mass of minute animals of several kinds belonging 
to the flagellated Protozoa, each consisting of a single oell. As¬ 
sociated with them are numerous bacteria and spirochaetes of various 
kinds. The bodies of these tiny Protozoans are crowded with wood 
fragments, whose digestion here is a neoessary step in the ultimate 
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utilization of wood in the economy of termites, • . •» Assooiated with 
the termites (in the breakdown of cellulose) -— are the fungi which 
grow in wood, and some of which are responsible for its decay. The 
conditions favorable for termites are also favorable for fungi, and 
hence these two organisms are oommonly found in dose and lasting 
association no special relations between particular fungi and 
termites have been found. The fungi may be of value to termites in 
the preliminary softening of the wood, particularly during the inci¬ 
pient stages of the development of the colony, but their most impor¬ 
tant function is probably the fulfillment of protein and vitamin re¬ 
quirements of termites (Cook and Soott, 1933),M (Kofoid et al, 1934, 
pgs. 5, 6).! 
2, Distribution 
The northern and southern extreme limits of the distribution of 
termites throughout the world seem to correspond fairly well with the 
50° F, annual isotherm (Emerson, 1936), Although termites are known 
to ooour in every state of the Union, there is no available evidenoe 
indicating that they have been either spreading northward within his¬ 
toric time, or that they are increasing markedly in numbers in any 
looality (Emerson, 1936), 
Blake (1940) states that "in Hew England, the northern boundary 
is the average winter isotherm of 21° F, and the average summer iso¬ 
therm of 65° F,, depending on which is the most southerly. (This is 
equal to Hopkins1 equivalent isophane of 50° F,). Within this area 
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the species (R. flavipes) are found, almost without exception, on non- 
alkaline, well-drained, sandy or gravelly soils; they are absent on 
alkaline, heavy, poorly-drained soils”. 
nThe environmental requirements of termites seem to be so rigid 
that it is unlikely that a given species can become established in an 
environment very different from that in which it is native. A possi¬ 
ble exception to the general rule that introduced species have not 
spread, is the case of Heterotermes tenuis, a native of Brazil, the 
Guianas and Panama. It is reported to have been introduced into St, 
Helena in 1840 and to have damaged houses and furniture although 
there is no evidence that it has spread to wild habitats on the is¬ 
land” (Emerson, 1936)# 
3. Eoonomio Importance of Termites 
The insect world plays a very important part in the every day 
economy of man. In the mind of the general public, most, if not all, 
of the activities of insects are harmful, but this is far from the 
case. Insects play a vital part in the fertilization of a large num¬ 
ber of flowering plants (bees), supply us with food (bees), and pro¬ 
vide us with other useful commodities such as shellao and silk. The 
role of insects in supplying us with useful commodities is not near¬ 
ly as important as their role in the decomposition of dead plant and 
animal remains. Certain species are involved in the decomposition of 
animal remains while other speoies are involved in the decomposition 
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of plant remains. The principal species responsible for the decom¬ 
position of wood (plant remains) are the termites and wood-boring 
beetles (Kofoid et al, 1934 pg. 5). The role of termites in the des¬ 
truction of wood, therefore, is not a new one; it is one that it has 
been their funotion to fulfill for thousands of years. Whether or 
not the wood is in a forest or oombined in the structure of a house, 
is of relatively little importance to them. 
Only within recent years has the damage due to termites been 
recognized as such. One of the earliest references in modern Amer¬ 
ican entomological literature to termites attacking wooden structures 
is that by Cook, (1873). In this instanoe, termites were attacking 
a greenhouse in Grand Rapids, Miohigan. It is of interest to note 
that the author believes this to be the first record of termite in¬ 
festation in the United States, and this in an area where termites 
are present in relatively small numbers. An early record of damage 
in and around Boston is that by Hagen (1876)# According to Turner 
(1937), early dates of damage by termites are Cambridge, 1885, New 
York City, 1893 and 1909, Albany, New York, 1900, Ohio, 1894 and 1896 
and Baltimore, 1898. Turner and Townsend (1936) state that ’'Britton 
reported damage to a building in South Norwalk (Conn.) in 1909. Other 
reports were received, one each in 1915, 1925, 1927, 1928, 1930 and 
1931 •••• Since 1931 termites have been found in a large number of 
houses.” 
Preceding 1928 there were very few reports of termite damage in 
the United States, A survey made by the New Jersey Agricultural Ex¬ 
periment Station showed that from 1900 to 1928, there was less than 
one inquiry per year submitted to the station# irom 1928 to 1930, 
approximately twenty-five inquiries were received and after 1930, 
fifty to one hundred inquiries per year were reoeived# Turner, (1937) 
explains this increase in reports of damage by: 
1. Education of the public, 
2# Activities of commercial oontrol operators, 
3. Large amount of speculative building during and after the 
World War, producing a large number of highly susceptible 
dwellings in infested areas# 
To gain some idea of the percentage of wooden buildings infested 
in Connecticut, a survey was made by the Connecticut Agricultural Ex¬ 
periment Station (Britton, 1937). ^ne hundred and sixty-five inspec¬ 
tions were made by this station and of the buildings inspected, one 
hundred and sixteen were found to have termites. A large number of 
public buildings were examined and of one hyndred and forty-four 
buildings with masonry and concrete floors, none known to be infested, 
twenty-four had termites and none were seriously damaged. Of three 
hundred and eighteen buildings with wooden floors and framework, none 
known to be infested, one hundred and two had termites and twelve were 
seriously damaged. 
Connecticut lies in the northern part of the range of termites, 
and since roughly one-third of the wooden buildings previously men- 
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tioned were infested, it is safe to assume that this fraction would 
be much larger in more southern areas where termites are more abun¬ 
dant. This hypothesis is substantiated by Snyder's estimate (1927), 
that Q0% of the fr$me buildings in Hew Orleans and 5($ of the busi¬ 
ness buildings in Pasadena are infested with termites. Prom these 
figures it will readily be seen that termites are of major doonomio 
importance in the United States, and that adequate, inexpensive 
methods of control must be worked out. 
Termites not only attack wood but also attack plants of a woody 
or semi-woody nature. Among those infested arex begonias, ^Anon., 1905); 
stored cereals, (Anon., 1908); citrus trees, (Delourto, Halstead and 
Halstead, 1925), (Hargreaves, 1929),(Smith, 1938); cocoa, (Froggatt, 
1938); coffee bushes, (James, 1932), (Wellington, 1937); cotton, (Bed¬ 
ford, 1937); cowpeas, (Anon., 1908); geraniums, (Anon., 1905), (Anon., 
1908), (Britton, 1915), (Cory, 1918); hemp, (Cherian, 1932); peoans, 
(Herriok, 1904), (Gossard, 1905), (Chittenden, 1906), (Barre and Con- 
radi, 1909); sugar cane, (Isaac and Misra, 1933); tea, (Jepson, 1929), 
(Hutson, 1933), (Jepson, 1935), (Corbett and Miller, 1936). This is 
only a partial list of plants attacked by termites, but it will give 
some idea of the extent of their activities. Many different remedies 
have been proposed for the control of termites attacking living plants, 
but no standard method of control has been proposed for use under all 
conditions. Comstock (1879), was one of the first to recommend control 
measures for termites in living plants and advocated the application 
*■' * 
of hot water, 
Delcurto, Halstead and Halstead (1925) recommend the use of car¬ 
bon disulphide or cyanide solution for termites attacking citrus 
trees. In the oase of termites attacking imported young citrus stock, 
Hargreaves (1929) reoommends the use of oarbon disulphide at the rate 
of 10 o.o. per plant injected into the ground 8" away, to a depth of 
3”. Paradiohlorobenzene, at the rate of l/4 of an ounce per plant in 
a circle of 3M radius from the tree and a depth of 2",is also effec¬ 
tive (l.o.). Paris Green and carbon disulphide are effective against 
termites in mounds (l.o.). Smith (1938), in the case of trees over 
two inches in diameter, reoommerids that l/4" or 3/8” holes be bored 
into the trunk of the tree and Paris Green blown in. The holes are 
then plugged with wax. If the trees are under two inches in diameter, 
the soil two to three inches down should be removed and the tunnels 
destroyed. Paris Green should be added to the soil and the base of 
the tree left exposed (l.o.). In the oase of herbaceous plants, use 
paradiohlorobenzene at the rate of l/8 ounce per tree in holes twelve 
inches from the plant, eighteen inohes apart and four inches deep (l.o.). 
In the case of termites attacking cocoa, Froggatt (1938) reoom¬ 
mends the use of a solution of paradiohlorobenzene and kerosene. 
This solution poured into the workings kills the termites without 
apparently injuring the tree. 
Wellington (1937) states that termites attacking ooffee bushes 
in Sierra Leone oan be controlled by painting the stems of the in¬ 
fested plants with a solution of lead arsenate and oalcium oxide, 
James (1932) states that fumes of .burning sulphur and arsenic pumped 
into the larger nests of termites attacking coffee bushes is a suc¬ 
cessful means of control, and that paradiohlorobenzene worked into the 
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top layer of soil is successful when numerous small nests are present. 
Termites attacking ootton oan be best controlled by the appli¬ 
cation of a mixture of sawdust and Paris Green at the rate of 510 lbs, 
per acre, Ihis reduced the losses of stand from 5% to *4%. Naph¬ 
thalene applied at the rate of from 100 to 150 pounds per aore is 
not as effective as the above (Bedford, 1937), 
Britton (1915) suggests the use of carbon disulphide as a possi¬ 
ble remedy in the case of termites attacking geraniums, Cory (1918) 
states that a l/lO of a 1% emulsion of pine tar creosote will not in¬ 
jure young rooted cuttings and will kill termites in forty-eight hours. 
In the case of termites attacking hemp, Cherian (1932) states 
that crude oil emulsion applied around the roots in the early stages 
of infestation is of value, 
Herriok (1904) was one of the first to recommend control meas¬ 
ures for termites attacking pecan trees, advocating the use of com¬ 
mercial fertilizers rather than barnyard manures. Gossard (1905) 
reoommended that the earth be removed from about the parts oi the trees 
attacked and the subsequent treatment of these parts with boiling 
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water and oarbon disulphide. The use of pyre thrum, tobaoco dust and 
sodium oyanide are also mentioned. Chittenden (1906) reoommended 
the removal of old stumps, limbs, etc. which might serve as possible 
breeding places. Barre and Conradi (1909) reoommended in addition 
that the soil about the base of the tree be well mixed with tobaooo 
/ 
dust. 
In the case of termites attacking sugar oane, Isaac and Misra 
(1933) state that the damage is worse in sandy and loamy soils. They 
recommend that crude oil emulsion at the rate of one gallon per aore 
be applied to the irrigation water in small gunny bags, from April to 
June. The bag is suspended so that the bottom of it just touohes the 
surface of the water. The emulsion thus formed is oarried to and pro¬ 
tects the roots of the cane. 
In the oase of termites attacking tea, Jepson (1929) states that 
control can be obtained by boring a gimlet hole into the galleries 
and blowing in a dust of Paris Green by means of an enema syringe of 
ball pattern. Two or three squeezes equal approximately l/l2 of an 
ounce. Hutson (1933) states that records over a period of five years 
involving one million tea plants indioate that Paris Green at the rate 
of 3-g- lbs. per 1000 bushes is entirely satisfactory for the control 
of termites attacking tea bushes and that no injury results. Barium 
fluosilioate is not a successful substitute. Jepson (1935) states 
that although Paris Green is a successful means of control, the sound 
wood is injured. He advooates the use of petrol on nests of mound- 
building termites. Corbett and Miller (1936) state that only tem¬ 
porary protection can be obtained with Paris Green, lead arsenate, 
magnesium sulphate, arsenious oxide, mercury bichloride, kainit and 
castor cake when they are applied to the soil about the plant. They 
also state that the termites will leave if the plants are made vigo¬ 
rous by the application of commercial fertilizers. 
Anon. (1937) states that graas-eating termites can be killed by 
the application of powdered white arsenic. 
Sen (1938) conducted tests on the effectiveness of various fum¬ 
igants for the control of termites attacking the host trees of Lacci- 
fer lacca Kerr, and came to the conclusion that petrol was the most 
effective of the fumigants tested. 
Por the control of termites attacking plants in general, Harris 
(193^0 recommends the use of petrol as an effective fumigant. He also 
recommends the use of six ounces of carbon disulphide per plant as the 
cheapest and most efficient control method to date. Paradichlorobenzene 
and two proprietary soil fumigants have given good results in the treat¬ 
ment of trees and ornamental shrubs attacked below the ground level by ter¬ 
mites (Harris, 1937)* 
In general, then, it will be seen that termites are a pest of 
major economic importance and attack wood in almost any form regard¬ 
less of whether or not the wood is in the forest, in buildings or in 
plants of a semi-woody nature. 
4, Life Cycle 
The following discussion is limited to Retioulitermes flavipes 
and is based on Snyder (1935) except where otherwise noted. 
Probably the best point at which to begin the discussion cf the 
life cyole is with the establishment of the colony by the primary 
kings and queens. Contrary to the general impression, these colonies 
are not necessarily monogamous, i.e. consisting of one king and one 
queen, sinoe in some oases one or more members of each sex may be pre¬ 
sent (Snyder, 1924). Polygamy exists normally among the supplementary 
reproductives (Snyder, 1924). Immediately after the swarming flight, 
pairing takes place and the swarmers become negatively phototropic. 
This was very oonvinoingly demonstrated in an experiment performed in 
the laboratory in the Spring of 1940: 
Large numbers of workers, together with developing a- 
lates, had been collected in the field and placed in one 
pint Mason jars to whioh had been ddded a small amount of 
moist soil and wood. After about a week or ten days, it 
was notioed that winged alates were completing their devel¬ 
opment in the jars and were preparing to sw%rm, whereupon 
the jars, with the tops removed, were placed in large 
glass cylinders, 24" x 12", on the bottom of whioh had been 
placed sheets of moist paper toweling. A strong electric 
light was plaoed on the outside of the glass cylinder. With¬ 
in a few moments, large numbers of swarmers emerged, orawled 
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and flew toward that side of the glass exposed to the light, 
and acted very similar to moths when they are attracted to 
an electric light at night. This "nervous, worried aotion” 
continued for about seven to ten minutes, suddenly all un¬ 
directed action oeased, and the swarmers crawled toward the 
/ . 
other side of the cage, away from the source of light. All 
individuals completed this migration in from five to ten 
minutes after the first individual started away from the 
light. They then began to break off their wings and soon 
pairing’ began to take place. It was noted that shedding 
of the wings was not a necessary preliminary to ’pairing’, 
as stated by Kofoid et al (1934 p.4l), since occasionally 
’pairing* of winged and dealated individuals took place. 
After ’pairing1, the swarmers seek a suitable location for the be¬ 
ginning of a colbnyj this is usually a piece of wood, lying on or part¬ 
ly buried in the ground. A small excavation is made, and after ferti¬ 
lization, the queen begins egg-laying. Incubation time varies, under 
laboratory conditions, from 30 to 50 days (Kofoid et al, 1934 p.4l). 
All of the nymphs or young hatch from the eggs in the same general form 
as the parents and are motive at practically all times. There is nei¬ 
ther a grub stage nor a long resting, pupal stage. Although all the 
young appear to be alike upon hatohing, after two molts they can be sep¬ 
arated into the small-headed reproductive types and the large-headed 
sterile types. Most of the former attain short wing pads which gradu¬ 
ally grow longer with each successive molt (Snyder, 1935). 
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Although the young nymphs do not go through a long pupal stage, 
they do have relatively short "quiescent stages". During these qui¬ 
escent stages and following molts, marked changes in size and struc¬ 
ture become apparent; but in general the most important ohahges, both 
external and internal, appear at the final molt. 
In species of our native Retioulitermes, the large-headed forms 
develop into mature sabre-jawed soldiers and saw-toothed-jawed wor¬ 
kers. The soldier develops from a worker-like form and the worker 
caste, therefore, may be merely an arrested stage of the soldier. Wor¬ 
kers and soldiers develop to maturity in one year (Snyder, 1935). 
The problem of whether the various castes are differentiated be¬ 
fore or after birth is still unsolved, and a subject of much contro¬ 
versy at this time. The character of the progeny and the ratio be¬ 
tween the numbers of the castes in the colonies vary not only with 
different groups of termites, but also with the age of the particu¬ 
lar colony. Hence, a genetic or hereditary formula for termites would 
vary similarly and no general formula would suffice for all groups of 
termites. "Polymorphism", or the presence of different castes, some of 
them sterile, has ever been a troublesome stumbling block to the ex¬ 
ponents of the various theories of evolution. Charles Darwin frankly 
admitted in his Origin of Species that his theory cannot explain how 
the characters of the sterile workers and soldiers - which do not re¬ 
produce - secure representation in the germ cells of the species. 
Two theories have been advanced concerning this phenomemon, both 
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based on observation and experiment. The first theory is that the 
young are all alike upon hatching, but differentiate into the var¬ 
ious adult castes through the influence of such external factors of 
their immediate environment as food and the care they receive from the 
workers. 
/ 
The adherents to the second theory claim that the young are not 
all alike at the time of hatching, but that the castes are hereditary. 
Some, if not all, of the different castes are distinguishable from the 
beginning, and the castes are therefore predetermined in the egg or em¬ 
bryo by internal factors. 
It is the opinion of Snyder that the origin of the termite castes 
is due to internal causes; that they are hereditary and of germinal 
origin. He agrees with Thompson in that they are “segregants, in the 
sense of the offspring of Oenothera lamarckiana. arising generation 
after generation by the splitting and recombination of the genes of a 
heterozygous parent form”. 
A natural explanation is that the castes have originated by segre¬ 
gation from an unstable hybrid form whose progeny are not all similar to 
the parent which produced them. There do not seem, to be any visible 
differences in the chromosomes in the germ cells of the various castes. 
Dr. G-. B. Castle of the University of California, as a result of 
experimental work, has recently advanced, a third theory involving food 
inhibition (Snyder, 1935)* colonies where reproductive forms are 
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fully functioning, the development of any additional young sexual adults 
is inhibited by the secretions of the parent reproductives (king and 
queen). These secretions are transmitted to the young by the grooming 
habit in which the young lick exudates from the bodies of the adults. 
This theory appears to be the most plausible of the three and 
great interest will be attached to further studies with other kinds of 
termites. Castle*s experiments were made only with colonies of the 
,,damp-woodM termites of the Pacific Coast, a primitive, plastic type. 
Beginning with the third instar, the young nymphs can be differ¬ 
entiated into three major groups, based on external appearance. The 
first group is composed of both sexes and develops into the worker 
caste, differing from the worker honey bees in that the latter are all 
of the female sex. Worker termites, as their name implies, do all df 
the routine work connected with the maintenance of the colony, tBuch as 
caring for the eggs, gathering food for the young, feeding the young 
(up to and including the third instar), feeding the sdldiers and the 
. 
primary kings and queens, etc. 
In connection with the guarding of the eggs by the workers, the 
writer has noticed on various occasions that only eggs containing full 
grown embryos were located near the tops of white pine stumps in 
the fall of the year. Possibly this fact indicates that the workers 
not only give extreme care to the eggs but also, by transporting them 
' 
up to the vicinity of 
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th© workers employed in obtaining the food supply, have some 
conception of the fact that the eggs are ready to hatoh. A- 
nother explanation might be that the workers carry the eggs 
up to a warmer spot during the day, since in every case the 
egg masses were found on the south or east side of the stumps 
in question* 
The second group of third instar nymphs develops into the caste 
known as soldiers, whose main funotion is the protection of the colony* 
In all types of soldiers, the head and the mandibles are greatly alter¬ 
ed from the type found in other oastes and instars. The chitinous cov¬ 
ering of the head is thick, hard and darkly pigmented, end the head is 
usually much enlarged. The mandibles are typioally greatly elongated, 
beooming either massive, heavily toothed orushing weapons, as in the 
wood-dwolling termites, or slender, pointed piercing weapons, as in the 
two higher families, the Rhinoterraitidae and the Termitidae. Another 
commonly encountered protective device whioh has been highly developed 
by the soldiers of several widely separated groups is the use of the se- 
oretions of the cephalic gland in the center of the head to oeter, to 
stupefy or mechanically impede attackers. This gland is feebly developed 
and without a pore in the wood-dwelling termites (family Kalotermitidae), 
but in other termites opens by a pore, typically tiny, located ip the 
oenter of the top of the head. 
The third group develops into reproductives of various kinds. 
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Authorities differ in regard to the development of these reproduc- 
tives and the subsequent role they play in the perpetuation of the 
colony. Nevertheless it has been well established that three dis¬ 
tinct types of reproductives develop, known as primary reprcduotives, 
brachypterous or short-winged reproductives, and apterous or wingless 
reproduotives. The primary reproductives are those which finally de¬ 
velop wings, become pigmented, and go through the complicated swarm- 
* ing and 'pairing* process previously described. The braohypterous 
and apterous forms serve as supplementary reproductives and probab¬ 
ly funotion as the principal source of a large majority of workers, 
especially when the primary reproduotives are killed or part of the 
colony becomes separated from the main colony. 
While the rate of egg production by the primary reproduotives 
usually remains quite low, the rate of egg production by the supple¬ 
mentary reproductives may become relatively high. A supplementary 
queen is oapable of laying more eggs in a day than the primary queen 
lays in the first two years of the development of the colony (Kofoid 
et al, 1934 p.29). It is therefore very hard to explain the estab- 
i 
lishment of large colonies in two to three years unless the supple¬ 
mentary reproductives begin functioning as soon as they develop with¬ 
out waiting for some part, or thw whole colony, to be left without 
the services of the primary king and queen. At the present time, how¬ 
ever, there is no experimental evidenoe indicating that primaries 
funotion in conjunction with supplementaries. 
*, 
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For a more detailed discussion of the life oyole of the various 
species of termites, see Kofoid et al,(lS34) , and Snyder (1935). 
5. Control 
Although termites have been studied by entomologists for many 
years, their true economic importance has been appreciated for only the 
past twenty years. Prior to this period, very few people reoognized 
termites or their damage as such, and although many reports of the des¬ 
truction of wood in buildings were undoubtedly recorded, termites were 
very rarely identified as being the causative organisms. 
Cook (1873) was one of the first to identify termite damage to 
buildings as such, and stpted that oarbolio acid soap was an immediate 
but not permanent remedy. He also mentioned the possible use of cre- 
sylio soap and recommended the use of kerosene solutions of oamphor and 
turpentine. The use of a fumigant, carbon disulfide, was reoommended by 
Britton in 1910 as a possible remedy. It will be readily seen that 
these control measures are of a very transitory nature and would have 
little or no lasting qualities. 
Up to this time, there had been very little work done on the bio¬ 
nomics of termites and their methods of oontrol. It was not generally 
realized that subterranean termites live in the ground and build their 
tubes up to wooden buildings in search of a further food supply, that 
termites muet maintain a contact with the ground to provide for their 
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moisture supply, and that superficial treatments are inadequate. Even 
as recently as 1917 German made the statement that "with a knowledge of 
the habits of this insect, extensive losses need no be sustained, A 
free use of insect powder about the shelves on which books are kept, the 
injection of coal oil in timbers and the occasional use of carboh disul¬ 
fide are all that is necessary to suppress them”. Evidently at that time 
at least, Garman had never heard that for successful oontrol, all contact 
of wood with the ground must be broken. As early as 1915 Herrick,however, 
had recommended that no wood be left in contaot with the ground and that 
infested wood be replaced with sound wood. 
Superheating, as a method of termite control, was experimented with 
in Hew Hampshire in 1922, Although temporary control was obtained, the 
termites in the ground were not killed and re infestation occurred there¬ 
after (Q'Kane and Osgood, 1923), A mixture of Phinotas oil and water at 
__ a dilution of one half on one per cent was used as a soil poison and 
was effective dn preventing the infestation of trap blocks placed on the 
surface of the treated soil, for the reported duration of the experiment 
(less than one year). Experiments on the thermal death point were also 
conducted. Termites were sealed in spruce blocks, and the blocks heated 
to and held at various temperatures, A summary of these results will 
be found on the following page. 
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Temperature Tests 
(Adapted from G’Kane and Osgood, 1923) 
Killing effects of heat on termites placed in 
oenter of spruce block 10Hx 10Hx 10? 
of Inseots Temperature Time Results 
10 68.0° C. 24 hrs. all dead 
10 S8.0° C. 24 
« it tt 
10 62.5° C. 24 
it it ti 
10 62.5° C. 24 
n tt ti 
10 57.0° C. 24 
it it it 
10 55.0° C. 24 
tt tt tt 
10 55.0° C. 24 ii 
tt it 
10 51.0° C. 24 
n it tt 
10 49.0° C. 24 
tt it tt 
10 49.0° C. 24 
it it tt 
10 49*0° C. 24 
n it ti 
10 35.0° C. 28 hrs • 2 dead 8 alive 
It should be noted that the lethal temperature lies °bove 35° C.(for 2k hrs.). 
Snyder (1927) was probably the first to reoommend really sound 
methods of control. He stated that the only effective permanent means 
of protection was by proper construction and this fact is still gener¬ 
ally recognized. At that time soil poisons had not been widely used 
and the only really effective method of control, other than proper con¬ 
struction, was by means of a metal shield. Shields were devised in the 
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tropios to prevent termites from building tubes over the face of walls 
or other objects to gain entrance to the wooden members of buildings* 
Froggatt (1905), stated "....on the top of each (pile), a tin or zinc 
cep should be placed, for, although not everlasting, they help to 
keep the pests out of all other woodwork." Jaok (1913) suggested the 
use of a "zinc ant course”, consisting of strips of zinc laid on the 
first course of bricks and projecting one inch on eaoh side of the wall* 
von Sohrenk (1934) recommended the use of shields in his specifications 
for termite-resistant construction. Snyder (1926) estimated that the 
cost of installing a metal termite shield, together with the neoessary 
repairs, varied from $500 to $2000, and that "by simply inserting a 
sheet of galvanized iron, zinc, or copper •••* into the masonry and turn¬ 
ing the projecting edges downward at an angle, communication of termites 
with the earth, where they obtain moisture, can be cut off”• The in¬ 
stallation of a shield is not the simple matter that Dr. Snyder has im¬ 
plied since all methods of termite control require technical knowledge 
and experience if they are to be effectively employed. 
Airhead (1937) discussed termite control problems in New England 
in six types of house construction, and recommended the installation 
of shields in five out of six oases. It is very hard to justify these 
rsoommend8tions in view of Turner's statement (1941) that in this area 
(flew England), soil poisons should be used in four out of five cases. 
These statements emphasize the lack of agreement between termite con¬ 
trol authorities as to the best methods of control, both in regard to 
effectiveness and to oost. Many other authors have recommended the use 
£8 
of shields but praotically all of these recommendations are based on 
the recommendations of Snyder* 
The use of shields properly applied, is undoubtedly the best 
method for the control of termites, if they are properly installed, but 
I 
they have the disadvantages of notonly being relatively expensive, but 
also of being very difficult of installation after the buildings are 
erected• 
One of the principal reasons why entomologists have put little 
faith in chemicals for the control of termites is that practically all 
of the ohemioals used prior to 1925 were either ineffective or improper¬ 
ly applied. Even as recently as 1934, McDaniel reoommerided the use of 
such a transitory mixture as kerosene and pyrethrum for the treatment of 
infested woodwork. 
As recently as 1934, the California Termite Investigations Commit¬ 
tee (Xofoid et al, 1934 p. 502) were unable to find that any soil treat¬ 
ment was a standard practise or that there were available conclusive 
experimental date, or field observations supporting any such treatment, 
and this statement is probably true at the present time (1941). At the 
present time various agencies are conducting field tests on soil poison^, 
but little information on the results of these tests is available. 
?.r • 
In view of these facts, the attitude of state and federal entomolo¬ 
gists toward shielding is easily understood and it is principally through 
the'continued suocess of a few commercial operators using soil poisons 
for termite oontrol work that the true value of soil poisons is being 
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realized •- The principal soil poisons that have been used for the con¬ 
trol of termites are: arsenates, arsenites, paradiohlorobenzene, ortho- 
diohlorobenzene, befca naphthoi, zinc chloride, oreosote and various 
oil produots. 
Arsenates and arsenites have been used for many years in the suc¬ 
cessful oontrol of termites in living plants (pg. 12), and many termite 
control operators have used compounds of arsenio successfully for the 
oontrol of termites in buildings (Hockenyos, 1939). 
A survey made by the California Termite Investigations Committee 
(Kofoid et al, 1934 p. 504) showed that the ground treatment most used 
in southern California was sodium arsenite, 10% solution, sprayed on 
the ground surfaoe at the rate of one or two gallons per 100 square feet. 
Many failures of this treatment were reported. Failures were also re¬ 
ported after retreatment, and in some oases three or four repetitions of 
the soray treatment were made before oontrol was obtained. In competi¬ 
tion with the spray treatment was the so oalled "trench system”, in 
which a shallow trench six inches deep was dug along the foundation walls, 
eto., and well-poisoned with a 10% solution of sodium arsenate. The ef¬ 
fectiveness of the trenoh system was probably about the same as that of 
the spray treatment. Further tests were carried out using a 6% and a 2% 
sodium arsenite solution and drenohing the soil under the house; 25 to 
50 gallons of the 6% solution per 100 square feet, and 50 to 100 galloms 
of the 2% solution per 100 square feet. One year after these thorough 
treatments no infestation had been reported. The committee believes that 
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"with large amounts of dilute solutions a thioker layer of treated 
soil is obtained, thus giving more effective treatment than small a- 
mounts of strong solution". 
Kofoid et al (1934, p. 108) state that "one operator reports suc¬ 
cessful ground treatments with kerosene emulsion containing one ounce of 
sodium arsenite per gallon (8 gm / liter, approximately 1%)* His rou¬ 
tine for obtaining better penetration of the treatment is interesting. 
If the top soil is in the form of a dust, the treatments do not read¬ 
ily soak into the soil. In that case he first waters the soil, wetting 
it thoroughly, and then applies a treatment of three gallons of kero¬ 
sene emulsion per 100 square feet (1.21 gal. / sa. m.). This treatment 
is allowed to soak into the soil, but before it has dried a second treat¬ 
ment is applied. The actual dosage is six gallons of kerosene emulsion 
per 100 square feet (2.41 gal. / sq. m.), which has proved to be an ef¬ 
fective treatment." 
Wolcott (1939) found that Paris Green or white arsenic vyas effective 
in the control of Heterotermes tenuis when applied to the tops of the 
nests or to the main tunnels. 
Preliminary experiments on the influence of various soils on the 
rapidity with whioh arsenites are leached out show (Hockenyos, 1939) 
that the larger the soil particles, the more rapidly the poison .-id-oleached 
out. Retention was highest in a clay soil. 
The possible health hazard encountered with arsenical compounds both 
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during and after application, however, has lead Kofoid et al (1934) to 
state "developments since the publication of the first edition of this 
report make it desirable that we strengthen our recommendation that arse¬ 
nic or compounds of arsenic be not used for ground treatment, or for any 
other purpose, in connection with the treatment for termites 
Paradiohlorobenzene has been used extensively as a soil fumigant 
and has been especially recommended by both entomologists and pest con¬ 
trol operators for the control of termites. Turner, in a personal dis¬ 
cussion with the author, has stated that paradiohlorobenzene is not al¬ 
ways effective, since he has observed oases where termites have actu¬ 
ally built their tubes through soil that had been recently treated heav¬ 
ily with paradiohlorobenzene. Turner and Townsend (1936) state that 
paradiohlorobenzene is apparently ineffectual in Connecticut because of 
low soil temperatures. 
Snyder (1936) states that where there is danger of orthodichloro¬ 
benzene reaching the roots of ornamental plants, paradiohlorobenzene 
may be used in its place. He mentions the faot that low soil tempera¬ 
tures deorease the toxicity of paradiohlorobenzene. 
Kofoid et al (1934, p. 51l) state that the only fumigant (soil 
poison) which was found effective against subterranean termites for the 
duration of the test period was paradiohlorobenzene and that it has been 
used for treating the infested soil under houses with much reported suc¬ 
cess. Where it has been used along foundation walls, one-half to one 
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ounoe per lineal foot of trenoh, it has also given good results. They 
recommend that the crystals be placed in a shallow trenoh and covered 
with tightly packed eqrth to prevent loss by evaporation. 
Orthodichlorobenzene has been recommended for the oontrol of ter¬ 
mites by Snyder (1936). Orthodiohlorobenzene differs from paradichloro- 
benzene, chemically, in the arrangement of the chlorine atoms about the 
benzene nucleus. At ordinary temperatures orthodiohlorobenzene is a 
colorless liquid and has much the appearanoe of kerosene, whereas para- 
diohlorobenzene is a white, crystalline solid. Although there has been 
no information published on the subject, entomologists believe that 
orthodiohlorobenzene is more toxic to termites than paradichlorobenzene. 
Snyder (1936) states that "the most promising of the soil poisons for 
such use (where termite reconstruction is deemed by the owner to be im¬ 
practicable or too expensive) is a full strength solution of crude li¬ 
quid orthodiohlorobenzene. This chemical should be applied after a 
trench has been dug 30 inches deep (in no case lower than the top of the 
footing) and at least 12 inches wide at the top around the foundation 
walls and piers supporting the main structure or porches, etc. The soil 
at the bottom of the trench should be saturated with full-strength ortho, 
diohlorobenzene at the rate of one gallon per ten linear feet. The soil 
should then be replaoed to within three inches of the surface and the 
treatment repeated. Before making such application, all wood debris 
should be removed from near the wall of the building and any earthlike 
shelter tubes over the foundation walls, etc., should be broken off. 
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Snyder offers no experimental evidence, however, on the effectiveness 
of orthodiohlorobenzene. 
Turner and Townsend (1936) state that while orthodiohlorobenzene 
has not been thoroughly tested in New England, in one instance it failed 
to prevent termite entry* 
Beta naphthol has b6en used extensively by the wood-preserving in¬ 
dustry and its effectiveness in this field is fairly well known. For 
specific tests on the effectiveness of this chemical as a wood preser¬ 
ver see "Proceedings of the American Wood Preservers’ Association", 
volume3*, page 272. At ordinary temperatures it is a crystalline solid 
and since it is relatively insoluble in water, its effectiveness as a 
soil poison might be expected to be of much greater duration than that 
of other cheraioals that are more soluble in-water, such as the arsenates 
and arsenites. Beta naphthol has been used successfully for many years 
as a soil poison for termites (Hookenyos, 1940b), although its specific 
and relative toxioities to termites are unknown. 
Zino ohloride has been used occasionally as a soil poison for ter¬ 
mites. Hill and Holdaway (1934) controlled an infestation in stored 
wheat in the Federal Capitol Building in Australia by treating the soil 
in the following manners the wood was removed from the floor., and the clay 
loam soil below thoroughly moistened with water. The soil was then 
sprayed with a 10$ solution of fused zino ohloride at the rate of .8 
ounoes of zino ohloride per square foot. Termites attacked the replaced 
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boards in one week, and the treatment was repeated with a 20fo solution 
of zinc chloride to give an average concentration of 3*^5 ounces of 
zinc chloride per square foot. No reinfestation occurred within one 
week. These results cannot be interpreted as being positive, since 
only one week elapsed between the treatment and subsequent inspection. 
/ 
Creosote has been used for over fifty years by the wood preserving 
industry and is probably the best substance that has been developed to 
date for this purpose. Wood that has been pressure-treated with creo¬ 
sote has been widely and successfully used in nearly all types of 
building construction. However, since creosote itself has a strong 
objectionable odor, and wood treated with creosote is difficult to 
paint, its present day use is more and more restricted to railroad ties, 
fence posts, wooden bridges, and similar structures. So-called "trans¬ 
parent" creosotes, not possessing these objectionable properties, have 
been developed, but whether they are as effective as straight unpro¬ 
cessed creosotes is questionable. Most authorities believe that they 
are not. Since the penetration of creosote depends upon the tar content, 
creosote redistilled for tar removal has a high degree of penetration and 
water absorption. Tar gives a surface coating and prevents water absorption 
(Hunt and G-arratt, 1938). Most wood-impregnating plants therefore, re¬ 
quire that chemical tests be conducted on all creosote used to insure 
the necessary penetration and toxicity. Creosote has been used exten¬ 
sively as a soil poison for termites but because of the previously men¬ 
tioned objection of odor, because soil treated with creosote teiads to 
"ball-up" and crack, thereby allowing termites passage (Lyons, 1936), 
and because it is slightly soluble in water (3$) (Hunt and Garratt, 193s)* 
its use is becoming more and more restricted. 
Various oil products have also been used for the control of termites# 
Uichanco (1931) states that waste engine oil or kerosene is very effective 
on termites in nests (Australia) when applied in the following manner: a 
shallow trench is dug where the tunnels are connected with the house# This 
is filled with water until the soil is so thoroughly drenched that absorption 
becomes slow# Enough waste engine oil or kerosene is then poured into the trench 
to form a very thick film on the surface of the water# As the water soaks 
downward, the oil is drawn under the ground by surface tension, and through 
the communicating galleries of the termites and into the nests# One treatment 
was sufficient for the entire colony and no reinfestation occurred although oil 
used alone was a failure# This method is also effective in the control of 
ground-inhabiting ants# 
Pentachlorophenol is a compound recently developed by commercial interests 
and is supposedly of high efficiency as a soil poison for termites# 
In summary then, it will be seen that termite control involves the 
36 
elimination of contact of wood with the ground and the establishment of 
a barrier between the wooden sections of the building and the ground* 
This barrier may take the form of either a metal shield or a chemioal 
treatment of the soil adjacent to and under the structure in question. 
Shields when properly installed, are the most effective means of con¬ 
trol so far developed but both their high oost and difficulty of instal¬ 
lation in buildings already erected necessitate the development of a 
cheaper method of control, easier to apply. Soil poisons have been used 
for this purpose for many years, but there is little or no information 
available on which poisons are the best, how they function, and how long 
they will remain effective. 
6. Recent experiments on soil poisons for termite control. 
A knowledge of the fundamental physical and chemioal characteris¬ 
tics of the soil is desirable both for operators and for experimentors, 
since soil poisons may react differently in different types of soils. 
Soils are made up of weathered rook and weathered plant remains, and 
are classified according to their particle size into gravels, coarse 
sands, fine sands, silts, days and colloids. Since poisons penetrate 
a soil through the air spaces, soiltf made up of large particles will 
be penetrated much more rapidly and to greater depth than will soils 
made up of small particles. Assuming that an equal amount of water is 
present in both cases, poisons will penetrate sandy soils more rapidly 
and to a greater depth than they will penetrate silts and days, and 
the amount of poison necessary to penetrate all the spaoes in e. unit 
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volume of sandy soil will be much less than the amount of poison re¬ 
quired to penetrate all the spaoes in a unit volume of a olay soil. 
Available air-spaoe is only one of many factors governing the effic¬ 
iency of a soil poison in any specific soil. Another very important 
factor is that of capillarity, or the ability of a soil to hold a liquid 
poison. Soils high in organic matter tend to hold most liquid poisons 
very strongly, although carbon disulfide and diohloropentane will be 
lost more rapidly from a olay soil than from a sandy soil (Hockenyos, 
1940a). Capillarity, therefore, governs the evaporating level of li¬ 
quid poisons from soils. In clays, this level is at one to ope and a 
half inohes and in sands, at seven to eight inches (Hockenyos, 1940a). 
Under laboratory conditions, Hockenyos (1940a) found that, of the liquids 
tested, water was the most strongly held, mineral oil and neutral creo¬ 
sote oil were the least strongly held, while creosote oil and tar aoid 
oil were intermediate. He also found that water will replace mineral 
oils of low to medium viscosity, but that water replaces creosote with 
difficulty and vice versa. Another faotor influencing evaporation is 
the color of the soil, since dark oolored soils heat up faster than 
light colored soils, thereby increasing the rate of evaporation. 
Two other very important phenomena of soils influencing the effici¬ 
ency of soil poisons are those of absorption and ionic exchange. The 
first of these, absorption, is the prooess whereby certain water-soluble 
compounds, upon entering the soil solution, are held tenaciously in 
ionic form by the soil particles. The soil particles hold only a fixed 
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percentage of any given compound in this manner, and thereby function 
more or less as a 'bank*. Some of the oompound remains free in the 
soil solution and as this free portion is lost from the soil, either 
through leaching or through evaporation, more of the ions are released 
by the soil particles. The percentage of the absorbed ions is, there¬ 
fore, more or less constant. The loss of certain inorganic poisons 
such as the arsenates and arsenites is materially retarded by this phe¬ 
nomenon. There is a large amount of literature available in the field 
of agronomy on the behavior of phosphates under these conditions but 
whether the facts established for the behavior of phosphates can also 
* be applied to the behavior of arsenates is unknown, although tests with 
termites indicate that the relatively insoluble forms of arsenates are 
not nearly as effective as the soluble sodium arsenite (Hockenyos, 1940b). 
After taking a±tanr± the above factors into consideration, Hockenyos 
(1938) proposed a laboratory method for the preliminary evaluation of 
soil poisons. This method consists of mixing a weighed amount of soil 
(40 grams).with a weighed amount of the toxicant to be tested. Two 
squares of toilet tissue are folded and placed in the bottom of a jelly, 
glass, 3i" x 2^" x 2”, and 10 to 15 o.c. of water added. Forty grams 
of the soil-poison mixture is placed in the glass and becomes moistened 
with the water already present. Worker termites are placed on the sur¬ 
face of the soil and their reactions observed. 
Smith (1940) used this method dn tests he conducted on diphenyla- 
mine and orthodichlorobenzene, except that he substituted washed sane 
39 
for the silt loam used by Hockenyos. The following table is a summary 
of his results. 
Relative effectiveness of orthodichlorobenzene and diphenylamine in 








1/250 1/500 1/1000 
1 N N N 1 N N N 
4 DR N N 6 N 11 N 
24 DR N N 20 A A N 
30 DR N N 24 A A A 
36 DR N N 48 A A A 
48 DR N N 68 D D A 
60 DR N P 96 R R D 
72 P P P 120 A A R 
144 D D N 
168 R R N 
H — No penetration 192 N N N 
A — Affeoted 
D — Dead 216 A N D 
R — Replaced 
P — Penetrated, no effect 240 D D D 
Smith also found that termites were unable to penetrate soil having 
concentrations of diphenylamine as low as 1:2000, 1:4000, 1:8000 and 
1:10,000. A concentration of 1:10,000 kept termites from penetrating for 
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five months, while, a oonoentration of 1:8000 was effeotive for at 
least seven months. On untreated soil, termites entered in one hour and 
lived for at least three months. Ihis data shows conclusively that un¬ 
der laboratory cohditions, diphenylamina is much superior to orthodi- 
ohlorobenzene as a soil poison for termites. 
The principal criticism of this method lies in the faot that sinoe 
laboratory conditions differ greatly from field conditions, results ob¬ 
tained under laboratory conditions cannot be directly compared with 
those obtained under field conditions. 
To overoome this difficulty, the following method was proposed by 
Craighead (1939). 
A STANDARD FIELD METHOD OF PROCEDURE 
FOR MEASURING THE INSULATING VALUE OF CHEMICALS 
WHEN APPLIED TO SOILS FOR SUBTERRANEAN TERMITE CONTROL. 
I. OBJECTIVE: 
To determine the comparative effects of various chemicals when 
applied to soils, on termites, decay and green vegetation, 
and with dosage based on ohemioal cost and the amount of ac¬ 
tive ingredient applied per unit of soil. 
II. SELECTION OF SITE: 
1. Site faotors- 
(l) Topography fairly level and free of arees subject to 
erosion, frequent flooding and high water-tables. 
(2) Uniformity of soil type. 
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3. General distribution of termites over entire area essen¬ 
tial and should be determined by- 
(1) Superficial evidence, i. e. presence of ter¬ 
mites in wood debris on area. 
(2) In absence of (l), the placing of population 
stakes in the soil and arranged uniformly 
over the area several months prior to the 
establishment of the test. 
III. PLOT ESTABLISHMENT: 
1. The plot should be as nearly square as possible, or at least 
sufficiently compact to utilize a natural termite popula¬ 
tion* 
2* The plot should be divided into 10 equal blocks. In each 
block eaoh treatment, including population stakes, will 
be arranged at random. Thus, each blook will include 
one stake for eaoh concentration of each chemical, in 
addition to the untreated stake or stakes. 
3. Eaoh blook should be laid out so that population and test 
stakes will be arranged on the vertices of equilateral 
triangles whose sides are 5 feet. 
4. Population stakes should be considered as being test units. 
At least as many as ten per cent of total number of test 
stakes or a minimum of 10 should be used for any test 
series• 
5. Provision should be made for using ten stakes for eaoh vari¬ 
able represented. 
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6* Chart area to show looation and distribution of all treat¬ 
ment and population stakes; also note the degree or de¬ 
grees of infestation; i. e. medium, light and heavy, 
IV. ESTABLISHMENT OF INDIVIDUAL TEST STAKES: 
1* Preparation of ground- 
(1) Where vegetation is present, remove that portion of 
it which covers the individual area to be treated. 
(2) Make a hole approximately 15 inches in diameter and 
19 inches deep removing about 2 cubic feet of soil. 
2. Preparation of specimens- 
(1) All stakes shall be Douglas fir or pine (shortleaf or 
loblolly), each 2 x 4 x 18 inches, with a 4 inch 
wedge on bottom end, cut from 2 inch sides. No 
pine stakes shall have more than 25$ heartwood or 
10 rings per inch. Wood with excess pitch must be 
avoided. 
(2) Each stake shall be numbered, using 2 non-corrosive 
metal tags, one on each 4 inch side. Each ohem- 
ical treatment and each concentration of chemical 
shall have a separate designation number. 
3. Installation of chemicals: 
(l) A high, a medium or standard, and a low dosage of each 
ohemical shall be used for each test. 
a. The standard dosage, alike for all investi¬ 
gators for comparison of work, shall con- 
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sist of l/2 pound of active ingredient 
per cubic foot of soil. 
b. The rates of the high and low dosages shall 
be at the discretion of the operator. 
(2) Dosages other than those under (l) may be used according 
to the judgment of the operator. 
(3) Dosages other than the standard shall be determined on 
basis of chemical eost, or on the amount of active 
ingredient per unit of soil, or both. 
(4) Thoroughly mix chemical with soil as it is being back¬ 
filled. Liquids should be applied with a spray gun or 
sprinkling can. Dry applications should be made by 
mixing the ohemical with the earth in such a manner as 
to insure thorough distribution. 
(5) Tamp the earth as it is being replaced, and make the sur¬ 
face level with the surrounding ground. All soil 
should be replaced to prevent settling. 
(6) With treatment completed carefully drive the numbered 
stakes in the oenter of the treated area to a depth of 
12 inches (previously marked on the stakes) and tamp 
the soil well. 
(7) Xn the case of population stakes, prepare the ground, re¬ 
move the earth, replace and tamp as for the chemical 
treatments and then drive the numbered stake in ithe 
manner noted above 
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(8) As far as possible, plan to install the tests during 
the fall of the year, leave stakes undisturbed for 
12 months, then make a 100 per cent examination, 
replace all stakes, packing the soil carefully as 
before examination. Examination should thus be 
made once annually thereafter for the duration of 
the tests. 
(9) in establishing tests do not apply ahemicals to soil 
immediately following a rain. 
V. RECORDS: 
1. At time of establishing plot- 
(1) Keep oomplete record of chemical sources, concentra¬ 
tions used, diluents, etc. 
(2) Soil- 
Record type, general condition and pH. 
(3) Weather conditions- 
General notes should be taken on moisture and tem¬ 
perature conditions in the soil. 
2. During period of test- 
(l) Precipitation and temperature reoords should be taken 
from the nearest official weather station where 
such records are not available looally. 
3. At time of annual inspection- 
(l) When making examinations, remove each test states and 
each population stake with a minimum disturbance 
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of soil, examine thoroughly for attaok by ter¬ 
mites and deoay and record observations as pro¬ 
vided for in the accompanying data sheet. 
(2) In inspecting the specimens, care should be taken not 
to probe, whittle or otherwise mutilate them, for 
at the time of succeeding inspections, such mutil¬ 
ations may be misinterpreted. 
(3) Any populations stake so badly decayed or attacked by 
termites as to be unreturna’ole to the test area 
should be replaced by a new stake and noted in the 
records. These replacements make it possible to 
ohart the distribution of termites over the plot 
from year to year, 
(4) Where there is a heaving due to heavy frosts, or soil 
oraoking due to baking, redrive stakes to origi¬ 
nal position, repack the soil tight against the 
stakes and note in records. 
Dr. Wilford suggests notes be kept separately for eaoh treatment 







Soils Type- pH- 
Vfhen treated- Condition 
Moisture 
When examined- Condition 
Moisture 
Locality: 







Termites 0-none; 1-trace; 2-light; 3-medium; 4-heavy; 5-surfaoe feeding; 
6-base activity; 7-ground line 
a-live; b-old work; c-stake replaced. 
0-none; 1-traoe; 2-light; 3-raedium; 4-heavy; 5-surfaoe myoel- 
Deaay ium; 6-in pockets; 7-ground line 
c-stake replaced 
Vegetation 0-none; 2-light; 3-medium; 4-normal; 5-stunted growth; 
6-dying; 7-dead. 
a-treated area; b-adjaoent area. 
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This method also has many disadvantages: 
1. Sinoe ground infestations are very rarely uniform, a large num¬ 
ber of replications of each treatment are necessary. If a true 
Latin Square arrangement of plots is employed, there must be as 
many replications of each ohemioal, concentration and method of ap¬ 
plication as there are different chemicals, concentrations and me¬ 
thods of application. For example, if three different ohemioals 
at three different concentrations are applied by two different 
methods, making a total of 18 different treatments, there must be 
18 (3 x 3 x 2) replications of each treatment or a total of 18 x 18 
or 324 test areas, (in experiments set up by Hatfield at Nitro, 
West Virginia, 58 different treatments with only 8 to 10 replica¬ 
tions of each treatment, are being experimented with.(Verbal state¬ 
ment from Hatfield)), 
2. This method is intended to evaluate soil poisons ordinarily 
used under houses. In most cases, soil under houses is quite differ¬ 
ent in composition from the top-soil found in open, exposed areas. 
Also, soil under houses is greatly protected from vertical leaching. 
Therefore, results obtained under field conditions oan at the most 
be comparative and not absolute. By this is meant that only the rela¬ 
tive duration of toxicity can be obtained; no statement oan be made 
in connection with the duration of toxicity under protected house 
conditions. 
3. There has been no provision made for determining the content of 
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organic matter in the test area, although this factor may be of 
great importance in some cases (see page 7^ )• 
4, Long periods of time must elapse, three to five years, before 
any results of a definite nature can be obtained, 
/ 
In view of these disadvantages, the following method of testing the rela¬ 
tive effectiveness of soil poisons has been worked out, and will be used 
in the latter part of this paper. 
I. OBJECTIVE: 
To determine the comparative effectiveness of soil poisons for 
termites with dosage based on chemical oost and the amount 
of active ingredient applied per unit of soil. 
II, SELECTION OF SITE: 
1, Site faotors- 
(1) Topography fairly level and free of areas subject to 
erosion, frequent flooding and high water-tables. 
(2) Uniformity of soil type. 
(3) Uniformity of vegetative cover as to character of 
growth, density of shade, etc. 




III. PLOT ESTABLISHMENT: 
1. The plot should be layed out in the form of a rectangle. 
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allowing 3 feet on the long axis for each ohemioal tested. 
If more than 15 chemicals are to be tested, two plots 
should be laidd out each containing one half of the chem¬ 
icals to be tested. 
2* The plots in every case should be nine feet wide. 
3. The plots should be arranged so that drainage, if any, is 
across the short axis of the plot rather than along the 
long axis of the plot. 
4. Areas 9 feet by 3 feet are thus provided for the testing of 
each soil poison. This area is then subdivided into three, 
three foot square areas, one for each concentration of 
the ooison to be tested. 
IV. ESTABLISHMENT OF INDIVIDUAL TEST STAKES: 
1. Preparation of ground- 
(1) Where vegetation is present, remove that portion of 
it which covers the individual area to be treated. 
(2) Make a hole approximately 14 inches square and 9 inches 
deep (removing about 1 cubic foot of soil)* 
2. Installation of chemicals: 
(l) A high, a medium or standard, and a low dosage of 
eaoh chemical shall be used for each test. 
a. The standard dosage, alike for all invest¬ 
igators for comparison of work, shall 
oonsist of l/2 pound of aotive ingred¬ 
ient per cubic foot of soil. 
la. The rates of the high and low dosage shall 
he at the discretion of the operator. 
(2) Dosages other than those under (l) may he used accord¬ 
ing to the judgaent of the operator. 
(3) Dosages other than the standard shall he determined on 
basis of chemical cost, or on the amount of active 
ingredient per unit of soil, or both. 
(4) Thoroughly mix chemical with soil as it is being hack- 
filled. Liquids should he applied with a snray gua 
or sprinkling can. Dry applications should he made 
by mixing the chemical with the earth in such a man¬ 
ner as to insure thorough distribution. 
(5) Tamp the earth as it is being replaced, and make the 
surface level with the surrounding ground. All soil 
should he replaced to prevent settling. 
(6) With treatment completed carefully drive a wooden 
stake in the center of the treated area. 
(7) In establishing tests do not apply chemicals to soil 
.immediately following a rain. 
V. Testing Samples: 
1. Obtain soil samples from the treated areas at the surface, 
and 9” and 15” below the surface immediately after treatment, 
monthly for 6 months, at 9 months, 1 year, IS months, 2 years, 
and as long thereafter as necessary. Place the soil samples 
in 2 lb. cellophane bags. 
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2. Run two laboratory teats on eaoh sample using Hookenyos 
method, as soon as the samples have air-dried. 
a. Make observations on these tests at 0, 1, 2, 4, 3, 
12, 24, 48 and 72 hours and record the number 
of workers above, alive and paralyzed. 
VI. RECORDS: 
1. At time of establishing plot- 
(1) Keep complete record of chemical sources, concentra¬ 
tions used, diluents, eto. 
(2) Soil- 
Record type, general condition and percentage of 
organic matter. 
(3) Weather conditions- 
General notes should be taken on moisture and tem¬ 
perature conditions in the soil. 
2. During period of test- 
(l) Precipitation and temperature reoords should be taken 
from the nearest offioial weather station where 
such reoords are not available locally. 
The above method, although it does have the disadvantage of being 
partly a laboratory method, eliminates the influence of variation in in¬ 
festation of termites, gives much quicker results, takes the percentage of 
organic matter'into consideration, and should give fully as much informa¬ 
tion as the test previously 6utlined by Craighead. 
Experimental Procedure 
As previously stated, it is the purpose of this paper to present a 
comprehensive study of the effectiveness of beta naphthol as a soil 
poison for termites, and oompare it with four other soil poisons; ortho¬ 
dichlorobenzene, paradichlorobenzene, white arsenic and pentachlorophenol. 
The experimental seotion in this paper will be divided into experiments 
on the following subjects: 
I. A study of the effectiveness of beta naphthol as a soil poison 
for termites. 
A. Tests on the nature of the toxic aotion of beta naphthol.. 
1. As a fumigant poison, 
2. As a stomach poison, 
3. As a repellent. 
B. Tests on the minimum amount of beta naphthol necessary to 
keep termites from penetrating treated soil. 
C. Tests on the influence of various properties of soils on the 
toxio aotion of beta naphthol. 
1. Influence of particle size (soil). 
2. Influence of particle size (beta naphthol). 
3. Influence of organic matter. 
II. A study of the relative duration of toxicity of beta naphthol, 
pentachlorophenol, white arsenic, paradiohlorobenzene and or¬ 
thodichlorobenzene when used as soil poisons for termites under 
field conditions. 
A. Tests on the initial toxicity of the various chemicals. 
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Influence of organic matter. 
B. Tests on the uniformity of the toxio barriers established 
with the various chemioals. 
Penetration below level of original application. 
C. Tests on the permanence of the toxic barriers established 
with the various chemioals. 
1. Influence of weather. 
a. Temperature 
b. Precipitation 
2. Influence of drainage. 
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Despite the fact that beta naphthol is used extensively as a ter- 
mitioide, there is very little, if any, information available on the 
exact manner in which it functions. It is necessary, therefore, to 
determine its effectiveness as a fumigant poison, as a stomach poison, 
and as a repellent before work of a more oomplioated nature can be 
attempted. 
Since beta naphthol is usually applied to the soil in a solution 
in 
of a volatile oil which upon evaporation leaves a water-soluble residue, 
its effectiveness as a oontact poison, after the volatilization of the 
oil, is probably very slight. Therefore, only determinations of its 
effectiveness as a fumigant poison, as a stomach poison and as a repel¬ 
lent will be made. 
X. A study of the effectiveness of beta aaphthol as a soil poison for 
termites. 
A. Tests on the nature of the toxio aotion of beta naphthol. 
1. As a fumigant poison. 
To determine whether or not beta naphthol acts as a fumigant 
poison, strips of paper towelling, l” x o”, were made into rings by 
notching the ends and pasting. The paste was allowed to dry, and the 
rings were then dipped into an alooholio solution of beta naphthol. 
The rings were again allowed to air-dry, and were then suspended in one 
pint Mason jars. Twenty termites were placed in the bottom of each jar, 
along with a pieoe of untreated paper towelling. The humidity was main¬ 
tained by moistening a strip of paper towelling and laying it aoross the 
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mouth of the jar. After the oover was placed on the jar, a humidity 
of approximately 100$ was obtained as evidenced by the condensation 
of moisture on the inside of the bottle. The results of this test 
are recorded in Table I. 
It will be seen from the data that there was very little fumi¬ 
gant action during the first 210 hours. At 307 hours, 50$ of the ter¬ 
mites were dead, while after 4S9 hours, all were dead. In the control 
experiments, and Cg, only 20$ of the termites were dead. These 
results indioate that beta naphthol, even at very small concentrations, 
acts as a fumigant poison. 
The above experiments were run at room temperatures varying from 
about 20°C. to 23.5°C. Further experiments were conducted to deter¬ 
mine if possible the effect of temperature on the fumigant aotion of 
beta naphthol. Four temperatures (22°C., 27°C., 32°C., and 37°C.), 
and three concentrations of beta naphthol in alcohol (10 g./l00 c.o., 
5 g./lOO c.c., and 1 g./lOO o.o.) were employed. Paper rings were 
prepared as before and dipped into the various solutions. 
Since it was found impractical to maintain the proper condition of 
relative humidity (i. e. approximately 100$) at the increased tempera¬ 
tures with the procedure previously described, the following slightly 
modified method was worked out. 
A circular piece of paper towelling, having the same diameter as 
the one pint Mason jars, was piaoed in the bottom of each jar and thor¬ 








I II III IV | V C1 C2 
— 
20 alive 20 alive 20 alive 20 alive 20 alive 20 alive 20 alivo 
18 
20 alive 20 alive 19 alive 
1 injured 
20 alive 17 alive 
3 dead 
20 alive 20 alivo 
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20 alive 20 alive 19 alive 
1 dead* 
20 alive 17 alive 
3 dead 































































































































paral* paralyzed * — a reproductive 0 — died from injuries 
Effioienoy of beta naphthol as a fumigant poison* In experiments I-V, treat- 
ed rings were suspended in the respective jars, while in experiments C]and C2 
untreated rings were suspended in the respective jars. 
In the first method, the moisture was supplied by means of a sheet of 
moistened paper held in the cover of the jar; rubber rings were not 
used, with the result that the glass oover was loose on the jar. By 
using rubber rings, the rate of evaporation was materially decreased. 
The treated rings were suspended as before, by means of a narrow strip 
of paper across the mouth of each jar. 
Three replications of each concentration of beta naphthol were 
run at 22°C., 27°C. and 32°C (Fig. 1.). Sinoe a temperature of 37°C. 
proved to be lethal to the termites, no experiments were conducted at 
this temperature (see "lethal death point", pg. 26). 
et al 
It has been suggested by Kofoid-/(1934, pg. 376) that the toxicity 
of chemicals for termites be compared by determining the time necessary 
to kill Q0% of the individuals, sinoe some may be particularly hardy and 
thereby interfere with the results if the chemicals are judged on the 
basis of the length of time necessary to kill 100% of the individuals. The 
time to kill SO ha« been determined for each concentration and tem¬ 
perature and is recorded in Table II. 
It is evident from these experiments that beta naphthol acts as a 
fumigant poison and that this action is much more pronounced at 32°C. 
than at either 22°C. or 27°C., probably beoause beta naphthol volati¬ 
lizes more rapidly at the higher temperature. It is true that the re¬ 
sults at any one temperature are inconsistent, particularly at 22°C., 
indicating possibly that the jars were not sealed tightly, thereby allow- 
some of the gas to escape. Nevertheless, the data unquestionable indi¬ 
cates that beta naphthol acts as a fumigant poison and that it is more 
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TABLE II 
Temp. °C. Concentration 
Time in days 1 
to kill 80 % 
22°C. 1 g. 25 + 
22°C • 5 g. 16 
22°C. 10 g. 25 + 
27°C. 1 6* 17 
27°C. 5 g. 9 
27°C. 10 g. 10 
32°C. 1 g* 8 
32°C, 5 g. 7 
32°C. 10 g. 4,5 
Time necessary to kill 80 % of individuals subjected 
to fumigant action of beta naphthol. 
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effective at high temperatures. 
2. As a stomach poison (Tests on the efficiency of beta naphthol) 
To determine the effectiveness of beta naphthol as a stomach poi¬ 
son, strips of paper towelling, 1" x 6n, were made into rings by notoh- . 
ing the ends and pasting. The paste was allowed to dry, and the rings 
were left in the laboratory and weighed from day to day. As soon as 
the ratio of weight gain or loss each day, to the weight of the indivi¬ 
dual rings, was the same for each ring, they were dipped in an alcoho¬ 
lic solution of beta naphthol. ^he rings were then left in the labora¬ 
tory until the ratio was again constant. It was found by this method 
that eaoh of the rings contained approximately 75 mg. of beta naphthol. 
Five treated rings and two untreated rings were each placed in the bot¬ 
tom of a one pint Mason jar. Twenty termites v/ere added and a sheet of 
moist paper towelling placed across the mouth of the jar. The glass 
cover was then placed on the jar and firmly secured by means of the 
usual wire clamps. 
All of the termites in the jars containing treated rings died with¬ 
in 72 hours, while only one of the termites in the control jars died in 
this period. Since the amount of paper eaten was not visible to the 
naked eye, beta naphthol at this concentration may be functioning also 
as a contact poison. In any case it is very toxic and the minimum lethal 








I II III IV V ci °2 
0 20 alive 20 alive 19 alive 20 alive 22 alive 19 alive 21 alive 
12 IS alive 
1 injur¬ 
ed 
20 alive 19 alivej 20 alive 22 alive IS alive 21 alive 
48 20 dead 20 dead 14 dead 
5 alive 





72 19 dead 22 dead 1 dead 
18 alive 
21 alive 
120 1 dead 
18 alive 
21 alive 
The effioienoy of beta naphthol as a stomach poison, (Approximately 
75 mg. per ring.) In experiments I-V, the termites -were in oontact 
with treated rings} in experiments and 0 9 the termites were in con 
tact with untreated rings. 
3. As a repellent (Tests on the effioienoy of beta naphthol.) 
Experiments employing Hookenyos’ method of testing soil poisons 
were oonducted to determine the effectiveness of beta naphthol as a 
repellent* The method has been described under "Review of Literature, 
—recent experiments on soil poisons", page 3^• Briefly, the method 
consists of adding air-dried soil to a jelly glass containing a small 
amount of paper and water. After the dry soil has become moistened 
with the water. Worker termites are plaoed on the surface, and obser¬ 
vations made at fixed time intervals. If there is no poison, or an 
insufficient amount of poison in the soil, the termites will not be 
repelled, and will be able to penetrate the soil. 
In the following experiments, small amounts of poison were mixed 
with soil in the following manner* 30 grams of air-dried soil ( - .1 g.) 
were weighed on a rough balance, and then spread uniformly over a square 
of wax paper. The poison was ground to a fine powder in a mortar, and 
small amounts (2 grams, 1 gram, *5 grams, .1 grams, ^ .001 grams) were 
weighed on an analytical balance. The weighed amount of poison was 
distributed over the soil on the wax paper, and then mixed by bringing 
the opposite edges of the paper together. The other two edges were 
brought together, and finally the original two edges were brought to¬ 
gether again. The soil-poison mixture was spread on the wax paper by 
means of a spatula and remixed* This process was repeated three times, 
ensuring thorough mixing of the sample. 
Five samples of poisoned soil for each concentration of chemical. 
and five samples of unpoisoned soil, -were prepared and placed in sep¬ 
arate jelly glasses, 3^° x 2-J-f’ x 2”, to which 10 c.c. of water and two 
squares of toilet paper, folded into a one inch square, had been added* 
After the soil had beocme thoroughly moistened, ten worker termites 
were placed in each glass, and observations made at various time inter¬ 
vals, Ihe results are shown in Table IV. 
An analysis of the data in Table IV shows conclusively that termites 
are repelled by the concentrations of beta naphthol used, since with 
the exception of the oases indicated, they were not able to penetrate the 
treated soil. However, in two oases, where cracks performed rt in the 
soil, the termites were able to pass down and live on the paper in the 
bottom of the jar for the duration of the experiment (108 hours). Ter¬ 
mites, when penetrating soil, pick up the soil partioles in their mandi¬ 
bles and make a mound over and around their entrance. Where entrance 
holes in the form of cracks are already available, it is not necessary 
for the termites to excavate their own entrance holes, and penetration 
takes plaoe, indicating that the repellent action takes the form of a 
disagreeable taste sensation. 
B. Tests on the minimum amount of beta naphthol necessary to keep ter¬ 
mites from penetrating treated soils. 
To determine the minimum amount of beta naphthol necessary to keep 
termites from penetrating treated soils, laboratory experiments on five 
different soils were conducted as previously described (page6l), i. e* 
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pared, termites placed on the surfaoe, and their reactions observed* 
Soils A, B and C were obtained at South Hadley, Massachusetts. Sam¬ 
ple A was taken at a depth of from one to three inohes below the sur¬ 
faoe, sample B, ten to thirteen inches below the surfaoe and sample C, 
twenty-four to twenty-six inohes below the surfaoe. Soils D and E 
were obtained at Leverett, Massachusetts, Soil D being taken at the 
surfaoe and Soil E at a depth of 12 inches. Four different concen¬ 
trations, with five replications of eaoh concentrations, were used* 
The results of these tests are contained in Tables V and VI* The 
total number of termites on the surface of the soil, the total num¬ 
ber alive, and the total number paralyzed are recorded for each con¬ 
centration and for eaoh time of observation. 
An analysis of these results shows that the concentration of beta 
naphthol necessary to keep termites from penetrating varies from soil 
to soil as follows j 
Soil A .08 g* / 30 g* 
Soil E .02 g* / 30 g* 
Soil C .02 g* / 30 g» 
Soil D .22 g- / 30 g* 
Soil E .02 g* / 30 g* 
The experiments in the following section were performed to de¬ 
termine whioh factor or faotors were influencing the toxio aotion of 
beta naphthol in the various soils* 
Table V 
!E lapsed 
Time Concentration of beta naphthol 
in 
Hours *10g/S0g .08g/30g ♦06g/30g ♦04g/30g .02g/30g .00g/30g 
















































































































































♦ — above/alive/paralyzed 
The concentration of beta naphthol necessary to keep 
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C. Tests on the influence of various properties of soils on the toxic 
action of beta naphthol. 
1* Influence of particle size (soil)# 
A mechanioal analysis of Soils A, B and C was made with large 
screens having the following mesh sizes: 20/inoh, 40/inoh., 60/inoh, 
80/inoh and 100/inoh; the results will be found in Table VII. 
It will be noted that the percentage of each separate varied 
slightly from soil to soil, so, to make absolutely sure that particle 
size was having no effect on the toxicity of the beta naphthol, all of 
the soils were made up to the exact compositions given in the third 
column of Table VIII, all of the treated samples having a concentration 
of beta naphthol of .02 g. / SO g. For example, the soil in test 2 
was composed of the following percentages of the respective separates: 
b%, 25%, Z0%>, 20%, 10%, 10%, The soil in test 1 is an original portion 
of Soil A that was not analyzed mechanically. 
The three prepared soils were then tested for relative toxicity. 
Three control tests, consisting of the soil in the original condition, 
were also conducted. The results are contained in Table VIII. The ter¬ 
mites were able to penetrate Soil A, regardless of whether or not it had 
the same composition as the other soils, but were unable to penetrate 
Soils B and C even when the latter had the same mechanical composition 
as Soil A, indicating that the size of the soil particles is not the 






A B C 
Weight % Weight % Weight % 
20 - 1.3 5.5 0.9 3.6 1.3 
\ 
5.2 





> 15.2 3.7 14.8 
40 - 60 4.5 18.0 3.3 13.2 5.0 20.0 
60 - 80 3.7 14.8 5.1 20.4 7.1 28.4 
80 - 100 2.7 10.8 3.8 15.2 3.7 14.8 
100 - 6.9 27.6 7.3 29.2 4.8 19.2 
Total 24.6 99.4 24.2 96.8 25.6 L02.4 
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To further test the possible influence of particle slse on toll- 
oity, soils composed of either very large particles or very snail par¬ 
ticles were made up and tested as before# The results of these ex¬ 
periments are contained in Table XX# It will be noted again that the 
termites were able to penetrate Soil A but not Soils B and C# Penetra¬ 
tion was uniform in the untreated controls indieating again that par¬ 
ticle slse has little if any effect cn the toxicity of beta naphthol 
under the test conditions* 
2# Influence of particle slse (beta naphthol)# (Tests on the influ¬ 
ence of parlous properties of soils on the toxic action of beta 
naphthol)# 
The following experiments were conducted to determine whether or 
not the particle slse of beta naphthol has any bearing on its effec¬ 
tiveness as a soil poison# 
The three soils obtained at South Badley, Massachusetts were 
mixed with varying amounts of poison (Tables X and XI)# In the first 
series of experiments, the toxicant was ground to a fine powder, the 
partloles varying in slse from about #01 inches to #02 inches# The 
reaction of termites to these soils was then obtained as previously 
(/' described (page 6l). It will be noted that concentrations of #08 g# 
of beta naphthol / 50 g« of soil A, and .02 g. of beta naphthol / 30 g. 








Concentration of beta naphthol 
.10e/30e 1 .08g/30g .06s/30fr .04k/30s .02g/30g .00s/30k 









































































































★ — Above/alive/paralyzed 
The concentration of beta naphthol necessary to keep 
termites from penetrating soils A, B and C» 
(Toxicant ground to a fine powder, but not sieved.) 






Concentration of beta naphthol 
•04g/30g • 02g/30g t. •01g/30g •00g/30g 





































































* -- Above/a live/paralyzed 
The concentration of beta naphthol necessary to keep 
termites from penetrating soils A, B and C« 
(Toxicant ground to a fine powder and sieved) 
(Particle size, *01 inohes and smaller) 
That* sana thrae soils vara than ratestod, 1a exaotly the same 
manner as before, exoept that the toxioant used vaa sieved through a 
soreen having 100 holes to the inch* It will be noted that, using the 
finely powdered toxioant, ooneentrations of *04 g. of beta napfcthol 
/ SO g. of soil A and .01 g. of beta naphthol of soils B and C vara 
necessary to keep the termites from penetrating* 
The results of these experiments clearly indicate that the ef¬ 
ficiency of beta naphthol as a soil poison for termites is governed 
in part, at least, by the slse of the toxio partioles. 
3* Influence of organic matter* (Testa on the influence of various 
properties of soils on the toxio action of beta naphthol* 
To determine the effect of organic matter on toxioity, portions 
of soils A and B were heated in a porcelain oruoible until all of the 
organio matter had been burned off. %irty grama of the soil were 
then mixed with .02 graras of beta naphthol and tested for toxioity as 
T 
before. A oontrol test, consisting of untreated soil was also con¬ 
ducted (Table All). It will be noted that in this case the termites 
vere unable to penetrate both Soils A and D, indicating that the per¬ 
centage of organio matter is an important factor in determining the 
toxioity of any treated toil* 
A comprehensive summary of these experiments will be found on 
pages 265 to 266 • At this time the following fact should be empha¬ 












Elapsed time in hours 
1 2 4 8 12 24 
A .02 10/10/0* 10/10/0 ,10/10/4 10/l0/4 IO/0/0 .0/0/0 
A None 3/10/0 2/10/0 0/10/0 o/ic/o O/IO/O O/IO/O 
D .02 30/30/0 30/30/0 30/30/0 30/30/20 30/30/27 30/0/0 
D None :■ 0/30/0 0/30/0 0/30/0 0/30/0 O/SO/O O/30/0 
• * — Above/alive/paralyzed 
The oonoentration of beta naphthol necessary to keep 
termites from penetrating soils A and B after"orga- 
nic matter had been removed. 
76 
By oheoking baok through all of the pertinent tables, it -will be found 
that in every case where termites were placed on untreated soil, pene¬ 
tration took plaoe within two hours, and the termites never returned to 
the surface of the soil* 
II. A study of the relative duration of toxicity of beta naphthol, 
pentaohlorophenol, white arsenic, paradichlorobenzene and ortho¬ 
dichlorobenzene when used as soil poisons for termites under field 
conditions. 
Field experiments were set up in Memphis, Tennessee, Richmond, Vir¬ 
ginia, and Amherst, Massachusetts according to the outline given on 
pages J8 to 79•• Two plots, one on poorly drained soil, the other on 
well drained soil, were set up in Amherst, and one plot set up in each 
of the other two areas. The chemicals used were orthodichlorobenzene, 
paradiohlorobenzene, beta naphthol, pentachlorophenol and white arsenic 
at concentrations of 2 lbs. / cu* ft., \ lb. / cu. ft. and lb. / cu. 
ft. Diagrams of these plots will be found on pages ;and . 
Determinations of the percentage of organic matter, together with 
determinations of the pH, were made of soil samples taken from the sur¬ 
face, from a depth of 9 inches, and from a depth of 15 inches, in each 
of the four areas. The percentage of organio matter in each of the 
samples was determined by weighing approximately 5 grams accurately, 
of the air-dried soil to be tested. The sample was then heated in an 
alundum crucible until the weight became constant. The loss in weight 
inourred by this procedure was interpreted as representing the amount 
Table XIII 
Area 
Depth of samples 
Surface 9W 15" 
% om* PH 5 om* PH- % Om* pH 
Memphis 6.4 5*0 •3.4 5.0 3.7 5.5 
Richmond 1.7 4.5 2.9 4.5 1.9 5.0 
Amherst (WB) 6.5 4.0 6.4 4.0 6.1 4.0 
, Amherst(FD) 8.8 4.0 9.7 4.0 6.9 5.0 
% om* — percentage of organic matter 
Determinations of the peroentage of organic matter and pH 
"of soil samples from test areas In' 































Diagram of test plots in Amherst, Mass#, (Well drained) 
Treated area 
/ 
































of inorganic matter present in the original sample. Determinations of 
the pH of the various samples were made by means of a LaMotte Soil 
Teskit. The results of these determinations will be found in Table XIII. 
A* Tests on the initial toxicity of the various ohemioals. 
Samples were taken at the surface and at a depth of 9” immediately 
after the poisons were applied, brought to the laboratory and allowed 
to dry. They were then sifted through ordinary screen wire and tested 
according to Hookenyos1 method. Two tests were made of eaoh sample. 
Observations were made at 1. 2, 4, 8, 12, 24, 48 and 72 hours and the 
number of termites on the surface, the number alive and the number 
which had penetrated, recorded. The results of these tests will be 
found in MEMPHIS TABLES 1-0-V-0, RICHMOND TABLES 1-0 --V-0, 
I AMHERST (WD) TABLES 1-0-- V-0 and AMHERST (?D) TABLES 1-0-V-0. 
The following system of classification of results will be used in 
the following discussions: 
No. of termites Term descriptive 
dead of results 
0 - negative 
1 -HO   slightly toxic 
11 - 15 -- toxic 
16 - 20 Very toxic 
81 
The following tables and graphs are numbered according to: 
1. Origin of samples 
Memphis, Tennessee 
Richmond, Virginia 
Amherst (Well drained), Massachusetts 
Amherst (Poorly drained), Massachusetts 
2m Toxicant used 
I - orthodiohlcrobenzene 
II - paradichlorobenzene 
III - beta naphthol 
IV - pentaohlcrophenol 
V - white arsenio 
3. Time elapsed since the start of the field tests 
0-0 months 
1- 1 month 
2- 2 months 
3- 3 months 
5-5 months 
1 2 5 
Example: Memphis Table 1-0 
1* Memphis - origin of soil sample 
2, Toxicant used - orthodichlorobenzene 
3. 0 - immediately after application of chemical 
The tables are grouped together in sections, each section consisting 
of tables and graphs giving results of tests on samples from one area at 
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MEMPHIS UBW 0 
Toxlo action to torsi toe of toil from Memphis, Sfenn., immediately 
after treatwrat with various chemicals. 
(Baaed cm MEMPHIS TABLES 1-0, 11-0, 111-0, IT-0 end T-0.) 
Length of time neoeaaary for approximately 80Jt kill indloa'ced under 
the appropriate hour mark. 
“SofT 
Ho. YJTa 8 12 
Elapsed time In hours (to aoale) 












































Discussion of Section X 
Results of tests on toxicity of soil from Memphis, Tennessee immediately 
after treatment •with various ohemioals. 
(Based on Memphis Tables 1-0 ——- V-0) 
Qrthodichlorobenzene: Very good kills were obtained with this chemi- 
oal in this particular soil. 80% kill was obtained in all cases in 
8 hours or less. 
Paradiohlorobenzene: With this chemical, 80% kill during the duration 
of the experiment was obtained with only 3 of the 6 samples. 
Beta Haphtholt All sacqples very toxic; 80% kill occurring in 8 hours 
or less in all samples. 
Pentaohlorophenolt All samples very toxic; 80% kill occurring in 4 
hours or less, with the exception of one sample. 
White arsenio; All samples, with one exception, sufficiently toxic to 
kill 80% of the termites in 48 hours or less. However, killing was 
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RICffilOfiB TABLE 0 
Toxio action to termites of soil fro© Richmond* Va., immediately 
after treatment with various ohemioals. 
(Based on RICHMOND TABLES 1-0, 11-0* III-O* IT-0 and V-0.) 
Length of time neeeesary for approximately SC£ kill indicated under 
the appropriate hour nark* 
soil ^lapsed tine in hours (to aoale) 
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Discussion of Seotion 2 
Results of tests on toxicity of soil from Richmond, Virginia immediately 
after treatment with various chemicals. 
(Based on Riohmond Tables 1-0 —- V-o) 
Qrthodichlorobenzenet Very poor kills. None of the samples were suf¬ 
ficiently toxio to kill 80$ of the termites during the course of the 
tests. 
Paradiohlorobenzene t Very poor kills. Only samples having a high 
concentration of paradiohlorobenzene were sufficiently toxic to kill 
80$ of the termites. 
Beta Naphtholt All samples very toxic. 80$ kill obtained in 12 hours 
or less. 
Pentaohlorophenol* All samples very toxio. 80$ kill obtained with 6 
of the 8 samples in 4 hours or less. 
White arsenics Samples having high and medium concentrations very toxio. 
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AMHERST (HD)* TABLE 0 
Toxio action to termites of soil from Amherst* Mass.* immediately 
after treatment with various ehemieals. 
(Based on AMBERST (t£)* TABLES 1-0, II-O, III-O, IV-0 and V-0.) 
Length of time necessary for approximately 80# kill indicated under 
the appropriate hour mark. 
(WB)e*...Well drained 
rrr 
Elapsed ilme In hours {W scale) ' 





































Discussion of Seotion 3 
Results of tests on the toxioity of soil from Amherst, Mass. (Well drained) 
immediately after treatment with various chemicals. 
(Based on Amherst (WP) Tables 1-0 -- V-0) 
Orthodiohlorobenzene t Very rapid kills on all samples. 80$ kill in 
4 hours or less with all but one sample* 
Paradichlcrobenzenet Good kills with 3 of the samples (80$ kill in 8 
hours or less) Fair kills with remaining samples. 
Beta NaphthoIt Very good kills. 80$ dead in 7 samples out of 8 in 12 
hours or less. 
Pentaohlorophenoli Very good kills. 80$ kill in all samples in 8 hours 
or less. 
White arsenict Good kills with two samples (high concentration); poor 
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AMHSRST (PBj* UBIS o/ 
T©xl® action to fccrsitea of soil tram Amherct, Mass,, immediately 
®ft®r treatment with various chemicals, 
(Based On AMHERST (PB)* TABLES I-O, 11-0, XII-o, IV-0 and V-0,) 
l^ength of time necessary for approximately 80$ kill indicated under 











































Discussion of Seotion 4 
Results of tests on toxicity of soil from Amherst, Mass, (poorly drained) 
immediately after treatment with various chemicals. 
(Based on Amherst (PD) Tables 1-0 ™- V-0) 
Orthodiohlorobenzenei Very good kills. 80?. kill in all samples in 12 
i 
hours or less. 
Paradichlorobenzenei Very good kills. kill in all samples in 24 
hours or less. 
Beta Naphthol* Very good kills. 80% kill in all samples in 24 hours 
or less. 
Pentaohlorophenoli Very good kills. 80% kill in all samples in 12 hours 
or less. 
White arsenict Fair kills. 80% kill at high concentration in 24 hours, 
at medium concentration in 48 hours, and at low concentration in 72 hours. 
134 
Discussion of results of tests on the initial toxicity 
of the various chemicals, 
(Based on Memphis Tables 1-0 -- V-0, Richmond Tables 1-0 -- V-0, 
Amherst (WD) Tables 1-0-V-0 and Amherst (PD) Tables 1-0-V-o) 
Qrthodichlorobenzene t This chemical proved to be very effective in all 
of the soils tested with the exception of that from Riohmond, Virginia. 
Orthodiohlorobenzene was most toxic in the soil from Memphis, Tennessee. 
It should be noted in this connection that the percentage of organic 
matter is correlated with the effectiveness of orthodiohlorobenzene, 
since very poor results were obtained with the soils from Richmond, 
having relatively low percentages of organio matter, while very good 
results were obtained with the soils having a relatively high percen¬ 
tage of organic matter. (See Table XIII for determinations of percen¬ 
tage of organic matter in the various samples.) With this chemical 
the presence of organic matter increased the effectiveness of the tox¬ 
icant in question, rather than decreased it as in the case of beta 
naphthol. 
Paradichlorobenzene t This chemical was the least effective of these 
tested, and acted in a manner similar to orthodiohlorobenzene, although 
it was not as effective as the latter. It will be noted that in gen¬ 
eral, the poorest results were again obtained with the samples from 
Richmond, Virginia, and that in almost all cases where a large number 
of deaths oocurred, penetration did not take place, indicating again 
that the diohlorobenzenes tested act principally as repellents and fum¬ 
igant poisons. As will be pointed out, in the disoussion of white arse- 
135 
nio, stomach poisons do not prevent penetration unless they are present 
at extremely high concentrations. 
Beta Naphthol: This cherniaa1 was very effective. In all instances ex¬ 
cept one, the termites were not able to penetrate the treated soil and 
in this one instance, penetration was not permanent, hence beta naph- 
thol at the concentrations used should be effective as a soil poison 
for termites, and should prevent the passage of termites through treated 
soil, at least immediately after it is applied. 
Pentaohlorophenols This poison was very effective in all soils tested 
at all concentrations. The time necessary to kill was very short, in 
most cases being slightly less than the time required by beta naphthol 
and slightly longer than the time required by orthodichlorobenzene. 
Termites were not able to penetrate any of the samples. 
White arsenici Variable results were obtained with this chemical. In 
general, the soils containing a very high concentration of chemical 
(2 lbs. / ou. ft.), were not penetrated, whereas nearly all the other 
samples were penetrated to a greater or less extent. 100% kill was 
obtained in praotically all oases, however. It should be noted that 
in many cases, penetration of toxic soil took plaoe in one to two hours, 
and that deaths resulted without the termites returning to the surface. 
Henoe, white arsenic, at medium and low concentrations has little if 
any value as a repellent, and functions principally as a stomach poison. 
Conclusions 
Of all the toxicants tested, orthodichlorobenzene gave the quick- 
results, in the soils where it was effective. 
Beta naphthol and pentachlorophenol gave excellent results in all 
soils, although the time required for kill was slightly longer 
than for orthodichlorobenzene, 
Paradichlorobenzene gave very poor results, probably because it 
does not volatilize rapidly enough to build up a concentration 
of fumes sufficient to kill the termites. 
Orthodichlorobenzene, paradichlorobenzene, beta naphthol and 
pentachlorophenol, when present in sufficient amounts, will 
keep termites from penetrating treated soil and will ultimately 
kill them. 
White arsenic, although it will not prevent termites from entering 
e 
treated soil, is very toxic at the concentrations used. 
137 
B and C. Tests on the -uniformity and permanence of the toxic barriers 
established with the various chemicals. 
Soil samples were obtained from each area at one month, two months, 
three months and five months after the application of the chemicals. 
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AMHERST (WD)* TABLE 2 
Toxio action to teraltas of toll frem Amherst, Mass., two months 
aftar treatment with various ohsmioals. 
(Basad on AMHERST (WL)* TABLES 1*2, I1-2. II1*2, IV-2 and 7-2.) 
I4nigth of tima naoassary for approximately 80# kill indicated under 
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AMHERST (?D)* TABLE 5 
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KSMPKIS- UhU: 5 
‘foxio action to tonal too of soil from Mamphle* Term*, fieo moatho 
oftor treat®oat with varioue ohemloale, 
(Boooa oa KKMPHIS tSBLSS 1-6, XX-6, 1*1-6, IV-6 and V-6.) 
Uagth of time nooaeeary for approximately kill indicated under 
the appropriate hour mark. 
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RICBMOBB TABLE 5 
Toxic action to termites of toil from Richmond* Va»* five month* 
after treatment with various chemical** 
(Ba*ed on BICHMOML UBIES 1-5* II-6* III-5* IV-5 and V-5.) 
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AMHEHSf (WD> TABLS 6 
toxic action to termite* of soil from Amherst, Mas*,, five mouth* 
•ftcr treatment with various ohemleals. 
(Based on AU&S&ST (Wl>) e TABLES 1-5, 11-5, IH-S, IV-5 and ?-©,) 
Length of time neoessfry for approximately B0$ kill indicated under 
the appropriate hour mark* 
(Wfc)*#€##^ell drained 
Totr- liapeed tdae In hours (to seals) 
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AMHEKSf (PD)* TKBIM & 
Toxio action to termites of «oil from Amherat, Mass*, me month* 
after treatment with various chemical*„ 
(Based on AMEERSf (?!>)♦ TABLES 1-6, II-6, IU-6, IV~* end V-5,} 
Ucgth of time neoesaary for approx lately 80^ kill indicated under 
the appropriate hour mark. 
(?£}*•*#*Poorly drained 
Soil nUapsod ii»Q in hour* (to scalej 
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The following meteorological data (pages 239 to 245 ) has been 
assembled from various weather bureau reports as indicated . A summary- 
table has also been prepared (pg. 246 ) giving the average mean daily 
temperature for each period, the average mean daily temperature since 
the original application of the chemicals in each area, the precipita¬ 
tion for each period, and the total precipitation since the original 
application of the chemicals. The average temperature for each success¬ 
ive 5-day period has also been computed for each area and is plotted on 
a graph on pages 239 1*P 245. 
Photographic plates have been made of all of the summary tables 
in the preceding section and are included in the following pages. 
Plate I is composed of MEMPHIS TABLES 0, I, II, III and V; Plate II 
is composed of RICHMOND TABLES 0, I, II, III and V; Plate III is com¬ 
posed of AMHERST (HD) TABLES 0, I, II, III and V, and Plate IV is com¬ 
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From Records of U.S.D.A. Yfeather Observatories at Memphis, 
Tenn. , Richmond, Va. and Amherst, Mass . 
Daily mean temperature is the average of the maximum and minimum . 
M - daily mean temperature 
4-sr -sum of mean temperatures for each 5 day interval 
- mean temperature for each 5 day : interval 
Memphis, Tenn. 
Date A7 it Jk ggt.q.t. Date H A- Pptn. 
9/10/40 70 10/15/40 58 ♦34 
11 58 16 54 
-12 60 325 65 -17 62 304 60.8 
13 66 18 58 
14 71 19 72 
15 72 20 62 
16 74 21 64 
-17 77 385 77 -22 72 339 67.8 
18 80 23 70 
19 82 24 71 
20 83 25 70 
21 83 26 72 
-22 84 405 81 -27 72 354 70.8 
23 82 28 74 
24 73 1*88 29 66 1.14 
26 60 30 64 
26 57 31 62 .05 
-27 60 307 61*5 
28 64 11/-1/40 62 316 73.2 .01 
29 66 2 62 
30 67 3 66 
4 66 
10/ 1/40 66 5 59 .28 
-2 67 344 68.8 -6 47 268 53*6 
3 70 7 46 
4 74 8 50 
5 74 9 48 • 58 
6 74 
.01 10 60 .24 
-7 62 334 66.8 ,15 -11 54 238 47.2 1.18 
8 60 12 42 
9 64 13 32 
lo 68 14 26 
11 68 15 24 
-12 70 355 71 -16 36 196 39.2 
13 74 17 52 
14 75 18 58 
240 
Meteorologioal Data (oont.) 
Memphis, 
Date JL ic A Pptn. 
n/19/40 60 
20 61 
-21 64 315 63 .16 
22 66 .12 
23 64 .08 
24 54 .03 
25 50 .09 




30 54 .17 





-6 50 240 48.0 .45 




-11 62 287 57.4 .02 
12 60 .59 
13 49 
14 42 
15 54 1.31 
-16 38 212 42.4 
17 36 
18 42 .01 
19 52 
20 46 
-21 46 244 48.8 
22 48 
23 52 
24 56 .02 
25 52 .02 
-26 56 257 51.4 .13 
27 50 .21 
28 43 .04 
29 48 
30 44 
-31 54 258 51*6 
1/ l/4X 58 
2 54 
Tenn. (oont.) 
Date j£ Ic Pptn. 
1/ 3/41 42 
4 38 









14 57 .26 
-15 54 263 52.6 






18 28 .01 
19 29 
-20 45 204 40.8 
21 50 
22 52 .35 
23 46 .88 
24 42 .22 
-25 46 172 34.4 .29 




-30 42 205 41.0 
31 50 
2/ l/4l 47 .04 
-2- ¥T .31 
3 38 












Date Pptn. Date IL .it Pptn. 
9/10/40 76 10/25/40 65 
11 56 26 62 
-12 60 315 63*0 -27 60 288 57.6 
13 60 28 53 .07 
14 63 , / 29 48 
15 67 30 60 .09 
16 68 31 58 
-17 66 339 67.8 
18 68 11/-1/40 54 292 58.4 .22 
19 70 2 60 .60 
20 74 3 60 
21 78 4 56 
-22 74 371 74.2 5 62 
23 70 -6 53 261 52.2 
24 75 7 46 
25 66 .52 8 44 
26 52 -5- 44 
-27 54 290 £8.0 10 50 
28 58 -11 57 251 50.2 
29 60 12 56 .70 
30 60 13 44 1.36 
"l4~ 44 1.13 
10/ 1/40 53 1.03 15 45 .03 
-2 54 295 59.0 .03 -16 40 219 43.8 
3 64 17 44 
4 64 18 46 
5 62 19 46 
6 65 20 53 
-7 70 314 62.8 -21 56 278 55.6 
8 61 .41 22 65 
9 56 23 58 
.04 10 56 £4 52 
11 58 25 44 
-12 64 311 62.2 -26 34 212 42.4 .50 
13 65 27 44 
14 68 28 38 
15” 66 29 40 
16 50 30 48 
-17 54 266 53.2 
12/-1/40 18 54 48 203 40.6 .01 
19 42 .39 2 38 
20 40 3 29 
21 46 4 26 
.09 
-22 48 259 51.8 5 38 
23 56 -6 34 189 37.8 
24 69 7 45 .04 
8 46 
242 
Meteorological lata (oont) 
Richmond, Va. (cont.) 
Date H it Je Pp tc. Date IL -L Pptn. 
12/ 9/40 40 i/ie/41 47 
10 50 19 34 
-11 47 234 46.8 -20 30 181 36.2 
12 44 21 28 
13 53 .03 22 42 .07 
- 48 •36 23 54 
15 40 24 41 .27 
-16 48 217 43.4 .17 —25 37 198 39.6 
17 42 26 32 
18 39 27 34 .09 
19 38 28 36 .03 
20 49 29 35 
-21 48 225 45.0 -30 38 181 36.2 
22 46 31 36 
23 44 
24 42 2/ l/41 36 
25 50 ,08 2 44 
-26 55 258 51.6 .03 3 36 
27 54 .34 -4 33 185 37.0 
28 57 •40 5 32 
29 56 .01 6 40 
30 47 7 4& .38 
-31 44 235 47.0 8 31 
-9 33 174 34.8 
1/ 1/41 44 10 32 
2 44 .43 11 36 ) 
3 43 • 15 12 40 
4 38 13 38 .23 
















-15 32 183 36.6 .07 




Date JL Ll Pptn. 
9/10/40 58.5 ,43 
11 54.5 














25 55.0 .79 
26 45.0 




10/ l/40 49.0 





-7 67.0 287.0 57.4 




-12 58.0 272.5 54.5 
13 59.0 
14 53.5 
15 55.0 .15 
16 41.0 





—22 33.0 200.5 40.1 
23 43.5 
24 51.0 
Da te // JLl .4- P£tn 
10/25/40 41.5 
26 40.5 







11/-1/40 41.5 210.5 42.1 























-21 41.0 221.5 44.3 
22 56,0 
23 44.0 
24 40.5 .04 
25 28.5 
-26 25.0 141.5 28.3 .29 
27 26.0 1.01 
28 21.5 
29 21.5 .05 
30 32.0 .18 
12/-1/40 33.0 121.0 24.2 
2 20.5 
3 14.0 
4 6.5 .18 
5 26.0 .19 




Meteorologioal Data (oont.) 
Amheratj Mass, (cont.) 
Date JL it. Pptn. Date J£ Pptn 
12/ 9/40 24 #5 1/23/41 33.5 
10 28.0 24 19.5 1.05 
-11 33,0 149.5 29.9 
-25 23.5 109.0 21.8 
12 30,0 .16 26 16.0 
IS 34,0 .08 27 16.5 
14 23,0 28 21.5 
15 19.5 29 20.5 
-16 25.5 123.0 24,6 .87 
-30 4.5 67.5 17.5 
17 28,0 31 IS.5 
18 27.0 
19 28.0 2/ 1/41 21.5 
20 36.0 .06 2 25.0 •03 
-21 37.0 165.5 33.1 3 24.0 
22 36.0 
-4 25.5 114.5 22.9 
23 28.5 5 21.0 
24 29.0 6 19.0 
25 35.0 7 36.5 1.39 
-26 34.0 176.0 35.2 .06 8 37.5 
27 40.5 .02 
-9 23.5 138.0 27.6 
28 37,5 1.00 10 16.0 
29 37.5 .33 11 24.5 
30 40.0 .06 12 26.5 
-31 38.0 176.0 35.2 13 29.0 
-14 35.5 143.5 28.? 
1/ 1/41 33.0 15 31.0 
.11 
2 27.5 .17 16 21.5 
3 30.0 .13 TT 21.0 .02 
4 30.0 .25 18 22.5 
-5 25,5 123,5 24.7 
-19 22.0 120.0 24,0 
6 22,5 20 25.0 
7 15.5 21 29.5 







 23 31.0 
-10 24.5 96.5 19.3 -24 25.5 138.5 27.7 
11 21.0 25 27.0 
12 22.0 .01 26 24.0 
13 16.5 27 25.5 
14 6.5 28 20.C .04 
-15 11.5 82.0 16.4 







• 17 29.0 .35 2 33.5 11(6.5 29.3 
18 34.0 3 37-3 
19 24.5 
—20 15.5 119.0 23.8 
21 18.5 
22 26.5 
Meteorological Data (oont.) 
Date M 
3/ 4/41 29.5 
5 24.5 
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The following topics will he discussed in connection with each of the 
chemicals tested. 
£• Establishment of a uniformly toxic harrier. 
The first series of samples (f,0n series) were taken from the 
test plots as the chemical was applied; all subsequent samples were 
taken by digging a small hole in the treated area. Samples for the 
1-month series were taken from the holes made on the north side of the 
stakes, for the 2-month series, from the south side, for the 3-month 
series, from the east side and for the ^-isonth series, from the west 
side. The uniformity of application of the various chemicals may he in¬ 
dicated by the results of the tests of samples from each level. 
Penetration below level of original amplication- 
Since the chemicals were apj;lied to a depth of 9”, tests on 
samples from a depth of 1511 may indicate the speed of penetration of the 
toxicant below the depth of original application. 
Permanence of the toxic barriers. 
1* Influence of weather. 
a. Temperature 
b. Precipitation 
2. Influence of drainage. 
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Qrthodichlorebeczene 
B. Es-tablishment of a uniformly toxic ba,rrier. 
Orthodichlorobenzene gave excellent results in all samples taken 
immediately after application of the toxicant, with the exception of 
( 
the samples from Richmond, Virginia. However, since a large number of 
the samples taken at one month after treatment were negative, and this 
number increased with each succeeding series of samples, a uniformly 
toxic barrier was not obtained at any,time after the original applica¬ 
tion of the chemical. 
Penetration below level of original application. 
There was some penetration below the level of original appli¬ 
cation since some 15" samples were 'toxic* or 'slightly toxic' (MEM¬ 
PHIS TABLES I ftnd II, AMHERST (WD) TABLES I, II and V, and AMHERST (FD) 
TABLES II and V), indicating that orthodichlorobenzene does penetrate 
below the level of original application to some extent. 
Permanence of the toxic barrier. 
Although there was a very short duration of toxicity in all areas, 
it will be noted that in some cases, samples from 9» and 15" were much 
more toxic than samples taken from the surface (AMHERST (WD) TABLES I 
and V, AMHERST (PD) TABLES I and V, and MEMPHIS TABLE I). While these 
results are not conclusive, there is the indication, nevertheless, 
that soils treated with orthodichlorobenzene remain slightly toxic at 
pths of 9 and 15" for a short time after the poison has been lost 
250 
from the surface layers. 
1. Influence of weather 
a. Influence of temperature 
Although a large number of the samples had lost their tox¬ 
icity to termites by the end of the test period, more * toxic' and 
'slightly toxic" samples were obtained from the two Amherst areas than 
were obtained from the Richmond and Memphis areas, at three months and 
five months after application of the chemical. The two Amherst areas 
had a combined total of 7 'toxic' and 'slightly toxic' samples, while 
the Memphis and Richmond areas had a combined total of 2 'toxic' and 
'slightly toxic* samples. The average temperatures for the five-mo nth-*- 
ly period in the Amherst areas were much lower than were the average 
temperatures for the same periods in the Memphis and Richmond areas: 
(summary table of meteorological data) 








b. Influence of rainfall. 
Under the test conditions, rainfall exerts little influence 
on the duration of toxicity of soils treated with orthodichlorobenzene. 
Although there was slightly more precipitation on the two Amherst areas 
than on the Richmond and Memphis areas, (see meteorological summary 
table) the number of 'toxic* samples from the two Amherst areas was 
slightly higher than the number of 'toxic* samples from the Richmond and 
Memphis areas (see section a)* 
2. Influence of drainage. 
Since there was little or no difference between the results 
of the tests of the samples from the well-drained and poorly-drained 
areas, (see AMHERST (PD) TABLES and AMHERST (WD) TABLES) the data in¬ 
dicate that, under the test conditions, drainage has little or no ef¬ 
fect on the duration of toxicity of soil treated with orthodichloroben— 
zene over a period of five months. 
Paradichlorobenzene 
B. Establishment of a uniformly toxic barrier 
Paradichlorobenzene gave very poor results in the tests conducted 
immediately after the original application of the various chemicals. 
The number of negative samples increased greatly with each successive 
set of samples, indicating that a uniformly toxic barrier was not ob¬ 
tained at any time. 
Penetration below level of oriidJaal application. 
Penetration below the level of original application took place 
in all areas, since some 15n samples were 'toxic* or 'slightly toxic' 
(MEMPHIS TABLES II and III, AMHERST (WD) TABLES L, II, III and V, and 
AMHERST (WD) TABLES I, II and V). It is also of interest to note the 
correlation between the number of 15" samples exhibiting at least some 
toxicity from each area and the total precipitation on each of the test 
areas* 
Area 
No* of I5" sam¬ 
ples, at least 
slightly toxic. Total Precipitation 
Memphis 3 13.1S 
Richmond 1 11.77 
Amherst (WD) 7 14.08 
Amherst (PD) 5 13-5 
Although the differences in rainfall are not very great, some indica- 
tion is provided that paradichlorobenzene is actually carried below the 
level of original application by the passage downward of water which 
has fallen on the ground in the form of rain. 
C. Permanence of the toxic barrier. 
Although there was a very short duration of toxicity in all areas, 
some samples from 9" amd 15" were much more toxic than were samples taken 
from the surface (MEMPHIS T.ABL3E V, RICHMOND TABLES I, II, HI and V, AM- 
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HERST (ID) TABLES I, II, III and Y, and AMHERST (FD) TABLES I, II 
and V). These results show conclusively that soil treated with para- 
dichlorobenzene may remain toxic at depths of 9" an<l 15H» although 
the soil at the surface has become non-toxic, 
1. Influence of weather. 
a. Influence of temperature. 
Although a large number of the samples had lost their 
toxicity to termites by the end of the test period, more 'toxic 'and 
slightly toxic'samples were obtained from the two Amherst areas than 
were obtained from the Memphis and Richmond areas, at three months 
and five months after application of the chemical. The two Amherst 
areas had a combined total of 19'toxic* and * slightly toxic* samples, 
while the Richmond and Memphis areas had a combined total of 11 tox¬ 
ic* and ’slightly toxic' samples.) The average tamperatures for the 
five-monthly periods in the Amherst areas were much lower than were 
the average temperatures for the same periods in the Memphis and Rich¬ 
mond areas(see section C-l-a under orthodichlorobenzene), indicating 
conclusively that high temperatures shorten the duration of toxicity 
of soils treated with paradichlorobenzene. 
b. Influence of rainfall. 
Under the test conditions, rainfall exerted little in¬ 
fluence on the duration of toxicity of the soils treated with paradichloro 
benzene. Although there was slightly more precipitation on the two Am- 
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herst areas than on the Richmond and Memphis areas (see meteorological 
summary table) the number of * toxic* samples from the two Amherst areas 
was almost twice as large as the number of 1 toxic* samples from the 
Richmond and Memphis areas. 
2. Influence of drainage. 
. ¥ 
Since there was little difference bdtween the results of the 
tests of the samples from the well-drained and poorly-drained areas 
(AMHERST (PD) TABLES and AMHERST (TO) TABLES), drainage has little or 
no effect on the duration of toxicity of soil treated with paradichloro- 
benzene under the test conditions. 
Beta naphthol 
B. Establishment of a uniformly toxic barrier. 
Beta naphthol gave excellent results in all samples taken immed¬ 
iately after the ^plication of the toxicant. However, the samples 
taken at one month and two months after application of the chemical, 
(with the exception of the Memphis series) did not give quite as rapid 
kills, on the whole, as did the samples taken at three and five months 
after application of the chemical. Under the conditions of the tests, 
the most uniformly toxic barriers developed in from three to five months 
after the original application of the chemical. 
Penetration below the level of original aioolicatioa. 
There is a very noticeable increase in the toxicity of the 15H 
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samples especially in those from Memphis (MEMPHIS TABLES I, II and III) 
and those from Amherst (PD) (AMHERST (PD) TABLES I, II, III and V). 
By the end of the test period (5 months) only one 15" sample was nega¬ 
tive, although five were negative at the start of the test period. The 
areas having the most uniformly toxic harriers (the two areas in Am¬ 
herst) have had the most precipitation (see meteorological summary table) 
indicating a positive correlation between the amount of rainfall and the 
rapidity of formation of uniformly toxic barriers of beta naphthol in 
treated soil. 
C. Permanence of the toxic barrier. 
1. Influence of weather 
a. Influence of temperature. 
The spped of killing in the samples from Amherst and Rich¬ 
mond gradually increased during the experimental period, (AMHERST (PD) 
TABLES I-V, AMHERST (WD) TABLES L-V, RICHMOND TABLES I-V) while the 
speed of killing in the samples from Memphis reached its maximum in 
the three— month samples* (MEMPHIS TABLES I—V). There is a marked 
Correlation between the average temperatures for the five-monthly period 
and the toxicity of the various five-monthly samples as shown in the 
following table; 
No. of very 
Area toxic samples 
Av. time in hours 
to kill 
in toxic samples 
Ave r. t empe rature 
5-monthly period 
Memphis 3 24 54.9 
Richmond s 20 4S.4 
Amherst (ID) 9 19 33.4 
Amherst (PD) 9 11 29.3 
This data indicates that high temperatures shorten the duration of toxi¬ 
city of soil treated with beta, naphthol. 
b. Influence of precipitation. 
Under the conditions of the tests, precipitation had little 
if any effect on the duration of toxicity of the treated soils in the 
various areas• 
2. Influence of drainage. 
Bapid kills were obtained with samples from the well-d.rained 
and poorly-drained areas in Amherst. The speed of killing in the sam¬ 
ples from the poorly-drained area was slightly and more uniformly fast¬ 
er than the speed of killing in the samples from the well-drained area, 
indicating only that a more uniformly toxic barrier is established in 
less time in poorly-drained soils than in well-drained soils. No con¬ 
clusions can be drawn concerning the influence of drainage on the per¬ 
manency of the barrier. 
Pentachlo ro yheno1 
B. Establishment of a uniformly toxic barrier. 
In all samples taken immediately after the application of the 
toxicant, pentachlorophenol gave rapid kills. However, the samples 
taken at one month and five months after the application of the 
chemical (with the exception of the Richmond series) did not give 
quite as rapid kills, on the whole, as did the samples taken at two 
and three months after the application of the chemical, indicating 
that under the conditions of the tests, the most uniformly toxic 
barrier developed two to three months after the application of the 
chemical. 
Penetration below the level of original application. 
There is a very noticeable increase in the toxicity of the 15 
samples especially in those from the areas in Memphis and Richmond 
and the well-drained area in Amherst (MEMPHIS TABLES I—Y, RICHMOUD 
TABLES I-Y, and JMHERST (7/D) TABLES I-Y). The most uniformly toxic 
barrier was developed after approximately eight inches of rain had 
fallen on each of the areas (see meteorological summary table ). 
C. Permanence of a uniformly toxic barrier. 
1. Influence of weather. 
Influence of temperature 
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Temperature seems to have little effect on the duration of 
toxicity in the various samples, since the most rapid kill in the 
5-month samples took place in those from Memphis (this area had the 
highest average temperature), while the least r^pid kill in the 
5-month samples took place in those from the well-drained area in 
Amherst (this area had almost the lowest average temperature). 
Influence of .precipitation. 
This factor, under the test conditions, is unimporta.nt 
in determining the duration of toxicity of pentachlorophenol in treated 
soil, since there is no correlation between the average time to kill 
in toxic 5“JEonth samples and the total precipitation, as shown in the 
following table: 
Area 
Aver, time to kill 
in toxic 
Total Precipitation S-month samples 
Memphis 13.1s 
Richmond 11.17 
Amherst (WD) 14.0S 





2. Influence of drainage. 
Rapid ]dlls were obtained with samples from the well-drained 
and poorly-drained areas in Amherst. The speed of killing in the sam- 
259 
pies from the poorly-drained area was slightly and more uniformly 
faster than the speed of killing in the samples from the well-drained 
area, indicating only that a more uniformly toxic harrier is estab¬ 
lished faster in poorly drained soils than in well-drained soils* 
No conclusions can he drawn concerning the influence of drainage on 
the permanency of the harrier. 
White arsenic 
B. Establishment of a uniformly toxic harrier. 
The establishment of a uniformly toxic harrier with this chemical 
took place only in the Memphis and Richmond areas, at five months and 
three months respectively (MEMPHIS TABLES I—V, RICHMOND TABLES I—V). 
However, the results from month to month, even in these instances, 
were so inconsistent that no conclusions oan he drawn in connection 
with the length of time necessary for the establishment of a uniform¬ 
ly toxic harrier. There appears to he little correlation between rain¬ 
fall and establishment of the harrier. 
Penetration below the level of original ap-plication. 
Penetration below the level of original application took place, 
hut there appears to he little correlation between rainfall and degree 
of penetration below nine inches. 
C. Permanence of the toxic harrier. 
1. Influence of the weather. 
a. Temperature 
Since white arsenic is an inorganic compound, and is not 
volatile at ordinary temperatures, the effect of temperature on the 
permanency of the chemical in treated s oil is negligible. 
b. Precipitation 
There is a marked correlation between the toxicities of the 
5—month samples from the various areas and the total precipitation on 
each of the areas (METEOROLOGICAL SUMMARY TABLE, MEMPHIS TABLE V, 
RICHMOND TABLE 7, AMHERST (WD) TABLE V and AMHERST (PD) TABLE V). The 
5-monthly samples from the Richmond area (area having least precipi¬ 
tation), although they are not as uniformly toxic as the samples from 
the Memphis area, on the whole, gave slightly faster kills. The 
5-monthly samples from the Amherst (PD) area (area having most precipi¬ 
tation) proved to be the least toxic. It is evident, therefore, that 
rainfall is the most important factor controlling the pennanency of 
toxicity of soil treated with white arsenic. 
2* Influence of drainage. 
The 5”mon‘kkly samples from the poorly-drained area are much 
less toxic than those from the well-drained area (AMHERST (PD) TABLE 7, 
AMHERST (7/D) TABLE 7). The water tables in this area varied from six 
inches to fifteen inches below the surface, and undoubtedly contributed 




The effectiveness of “beta naphthol as a soil poison _for_tqrmitqs.. 
A. The nature of the toxic action of beta naphtha!. 
Experiments on the toxic action of "beta naphthol indicate 
that this chemical functions as a; 
1. Fumigant poison (pages 5^ to 59 ) 
2. Stomach poison (pages 59 to 61 > 
3. Repellent (pages 61 to 66 ) 
B« The minimum amount of beta naphthol ne.cessary to keen termites. 
from penetrating^treated soil. 
i 
Experiments on the minimum amount of beta naphthol necessary 
to keep termites from penetrating treated soil indicate that differ¬ 
ent soils ire quire different amounts of chemical varying from .02 
grams per 30 grams of soil to *30 grams per 30 grams of soil (pages 7^ 
to 76 ). 
C. The influence of various, properties of soils_oiL_the to^ic .ftfitloa 
of beta naphthal. 
Tests on the influence of various properties of soils indicate 
that; 
1. The influence of the particle size of the soil is negligible 
(pages 65 to 75 ). 
2, Small sized particles of toxicant are more effective 
than large size particles of toxicant (pages 71 75 )• 
3. Organic matter is the principal factor governing the 
toxicity of "beta naphthol in treated soil, and that soils 
having a high percentage of organic matter require a 
higher concentration of beta naphthol to keep termites 
from penetrating than do soils having a low percentage 
of organic matter (pages 6S to 75 )• 
II* The relative duration of toxicity of beta naphthol. nentachloro- 
•phenol, white arsenic, naradichlorobenzene and orthodichloroben¬ 
zene when used,as soil -poisons for .termites under field conditions. 
A. Initial toxicity of_the,^various chemicals. 
Experiments on the initial toxicity of the various chemicals 
indicate that orthodichlorobenzene was the most toxic, and paradi- 
chlorobenzene the least toxic of the chemicals tested, Pentachloro- 
phenol was almost as toxic as orthodichlorobenzene and beta naph¬ 
thol was almost as toxic as pentachlorophenol. White arsenic was 
slightly more toxic than paradichlorobenzene. 
Influence of organic, mattes* 
The presence of organic matter slightly increased the 
toxicity of orthodichlorobenzene and paradichlorobenzene, had little 
if any effect on the toxicity of white arsenic and pentachlorophenol, 
and slightly decreased the toxicity of beta naphthol. 
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B. Uniformity of the barriers established with the various chemicals, 
A uniformly toxic barrier was not obtained with ortho dichloro¬ 
benzene and paradichlorobenzene, and was obtained in only two areas 
out of the total of four, with white arsenic. A uniformly toxic 
barrier developed in two to three months with pentachlorophenol and three 
to five months with beta naphthol. 
Penetration below the level of original application. 
Penetration below the level of original application took 
place with all chemicals, and in all areas, tested. 
C. Tests on the permanence of the toxic barriers.. 
The barriers established with pentachlorophenol and beta naph- 
thol were still very toxic at five months, while the barriers es¬ 
tablished with white arsenic were fairly toxic at five months. Ortho¬ 
dichlorobenzene and paradichlorobenzene were only effective immediately 
after original application. 
1. Influence of weather. 
a. Tempera tiitre 
High temperatures decreased the duration of toxicity of 
orthodichlorobenzene, paradichlorobenzene, pentachlorophenol 
and beta naphthol, and had little if any effect on the duration 
of toxicity of white arsenic. 
b. Precipitation 
Eainfall had relatively little effect on the duration 
of toxicity of pentachlorophenol, beta naphthol, orthodichloro- 
■ -r a':. - • 
benzene, and paradichlorobenzene, but greatly decreased the dur¬ 
ation of toxicity of white arsenic. 
2. Influence of drainage. 
Drainage had relatively little effect on the duration of 
toxicity of pentachlorophenol, beta naphthol, orthodichloroben¬ 
zene and paradichlorobenzene, but greatly decreased the duration 
of toxicity of white arsenic. 
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Conclusions 
1# Beta naphthol functions as a fumigant poison, as a stomach poison, 
and as a repellent, to termites# 
2# The minimum amount of beta naphthol necessary to keep termites 
from penetrating treated soil, varies from soil to soil, and is de¬ 
pendent upon the percentage of organic matter present in any specific 
soil# 
3# The toxicity of beta naphthol to termites is inversely proportional 
to the size of the particles of toxicant. 
4. Five months after the application of the chemical, soil treated 
with beta naphthol at the rate of one-quarter pound, one-half pound 
and two pounds per cubic foot, is still toxic to termites# 
5# Orthodichlorobensene is highly toxic to termites immediately after 
its application to soil# 
6. Soil treated with orthodichlorobenzene loses its toxicity within 
one to two months. 
7# Soil treated with orthodichlorobenzene loses its toxicity in the 
surface layers first# 
8# Paradichlorobenzene is fairly toxic to termites, but soil treated 
with this chemical loses its toxicity in one to two months# 
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9. Termites are able to penetrate soil treated with white arsenic 
although this chemical is reasonable effective as a stomach poison. 
10. Five months after application of the chemical, soil treated with 
pentachlorophenol at the rate of one-quarter pound, one-half pound 
and two pounds per cubic foot, is still toxic to termites. 
11. The presence of organic matter decreases the effectiveness of 
beta naphthol, and increases the effectiveness of paradichloroben- 
zene and orthodichlorobenzene, 
12. High temperatures decrease the duration of toxicity of soils 
treated with orthodichlorobenzene, paradichlorobenzene, pentachloro¬ 
phenol and beta naphthol. 
13* Precipitation and poor drainage decrease the duration of toxi¬ 
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